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REPORT 


OF THE 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

CHARLES D. WALCOTT, 

# 

FOR THE YEAR ENDING JUNE 30, mU 


To the Board of Regents of the Smithsonian Institution: 

Gentlemen: I have the honor to submit a report showing the 
operations of the Institution and its branches during the year ending 
June 30, 1911, including the work placed by Congress under the direc- 
tion of the Board of Kegents in the United States National Museum, 
the Bureau of American Ethnology, the International Exchanges, 
the National Zoological Park, the Astrophysical Observatory, and the 
United States Bureau of the International Catalogue of Scientific 
Literature. 

The general report reviews the affairs of the Institution proper, 
with brief paragraphs relating to the several branches, while the 
appendix presents detailed reports by those in direct charge of the 
work. Independently of the present report, the operations of the 
National Museum and the Bureau of American Ethnology are fully 
treated of in separate volumes. 

THE SMITHSONIAN INSTITUTION. 

THE ESTABLISHMENT. 

The Smithsonian Institution was created an establishment by act 
of Congress approved August 10, 1846. Its statutory members are 
the President of the United States, the Vice President, the Chief 
Justice, and the heads of the executive departments. 

THE BOARD OE REGENTS. 

The Board of Regents consists of the Vice President and the Chief 
Justice of the United States as ex officio members, three Members of 
the Senate, three Members of the House of Representatives, and six 
citizens, “ two of whom shall be resident in the city of Washington, 
and the other four shall be inhabitants of some State, but no two of 
them of the same State,” 
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On July 4, 1910, Chief Justice Fuller died and was succeeded on 
December 19 by Chief Justice Edward Douglass ^Vhite as ex officio 
member of the board. 

At a meeting of the Board of Kegents on December 8, 1910, the 
Hon. James S. Sherman, Vice President of the United States, was 
elected Chancellor. 

The personnel of the board has been further changed by the resig- 
nation of Hon, John B. Henderson and the appointment of John B. 
Henderson, jr., as a Eegent. 

GENERAL CONSIDERATIONS. 

The Smithsonian Institution has had a powerful influence for more 
than 60 j^ears in the development of science in the United States. 
Its achievements in many lines of research and exploration have been 
of great good in the promotion of the welfare of the human race. 
The Institution and its branches continue to be engaged in a wide 
range of activities, covering practically the entire field of natural 
and physical science, as well as anthropological and archeological 
researches. 

In my last report I referred to the establishment of a trust fund, 
through the generosity of Mrs. E. PI. Harriman, which yields an 
annual income of $12,000, to be devoted to the definite purpose of car- 
rying on scientific studies, particular!}^ of American mammals and 
other animals, the donor specifying Dr. C. Hart Merriam as the in- 
vestigator to carry on the work during his lifetime. I believe it desir- 
able to establish a number of such research associateships, whereby 
especially capable men in other branches of science may be afforded 
opportunities for research work without the care and burden of 
administridiye duties, and with full assurance that as long as their 
work is properly conducted it will be continued and that provision 
will be made for them when incapacitated for active service. The 
field for scientific investigation is extensive, and there are numbers 
of worthy projects that can not now be undertaken because of lack 
of means — projects that could not properly be carried on through 
Government appropi'iaiion, but which the Smithsonian Institution 
could readily undertake were the means available. 

Friends of the Institution have from time to time generously pro- 
vided funds for parrying on important explorations and researches, 
as in the case of the Smithsonian African expedition, and more 
recently by largely supporting the Smithsonian biological survey of 
the Panama Canal Zone. 

It seems proper that I should here call special attention to the 
motive which led the late George W. Poore, of Lowell, Massachu- 
setts, who died December 17, 1910, to make the Smithsonian Insti- 
tution his residual legatee. By the terms of the will the estate, esti- 



mated to be about $40,000, is bequeathed under the condition that 
the income from this sum should be added to the principal until a 
total of $250,000 should have been reached, and that then the income 
only should be used for the purposes for which the Institution was 
created. The fund will be known as the Lucy T. and George W. 
Poore fund. The closing words of this item of the will read as 
follows : 

I make this gift not so much because of its amount as because I hope it will 
prove an example for other Americans to follow, by supporting and encouraging 
so wise and beneficent an institution as I believe the Smithsonian Institute to 
be, and yet it has been neglected and overlooked by American citizens. 

ADMINISTRATION. 

On account of the large increase in the administrative work of the 
Institution and its branches, brought about by the natural growth of 
their activities and the addition of new interests, it appjeared ad- 
visable to appoint an additional Assistant Secretary, to have imme- 
diate charge of the Library and International Exchanges. With the 
approval of the Eegents, I appointed to that position Dr. Frederick 
William True, who entered the service of the Institution in 1878 and 
for several years had been head curator of biology in the United 
States National Museum. Dr. True entered upon the active duties 
of his office on June 1, 1911. 

FINANCES. 

The permanent fund of the Institution and the sources from which 
it was derived are as follows : 

Deposited in the Treasury of the United States. 


Bequest of Smitbson, 1846 $515, 169. 00 

Residuary legacy of Smithson, 186J 26, 210. 6b 

Deposit from savings of income, 1867 lOS, 620. B7 

Bequest of James Hamilton, 1875 $1, 000. 00 

Accumulated interest on Hamilton fund, 1S35 1, 000. 00 

2, 000. 00 

Bequest of Simeon Habel, 1880 500. 00 

Deposit from proceeds of sale of bonds, 1881 51, 500. 00 

Gift of Thomfis G. Hodgkins, 1891 200, OOO. 00 

Part of residuary legacy of 'J’bomas G. Hodgkins, 1894-^ 8, OOO, 00 

Deposit from savings of income, 1903 25, OOO. 00 

Residuary legacy of Thomas G, Hodgkins 7, 018. 69 


Total amount of fund m the United States Treasury - 9 14, 91S. 69 

Registered and guaranteed bonds of the West Shore R. R. Co. (par 
value) , part of legacy of Thomas G. Hodgkins 42, 000. 00 


Total permanent fund 986, 918, 69 



queathed to the Institution by the late R. S. Avery, some of which 
yield a nominal rental and all are free from taxation. 

That part of the fund deposited in the Treasury of the United 
States bears interest at 6 per cent per annum, under the provisions 
of the act organizing the Institution and an act of Congress approved 
March 12, 1891. The rate of interest on the West Shore Railroad 
bonds is 4 per cent per annum. 

The income of the Institution during the year, amounting to 
$83,435.30, was derived as follows: Interest on the permanent foun- 
dation, $58,375.12; contributions from various sources for specific 
purposes, $14,518.43 ; and from other miscellaneous sources, $10,541.75 ; 
all of which was deposited in the Treasury of the United States to 
the credit of the current account of the Institution. 

With the balance of $35,364.88 on July 1, 1910, the total resources 
for the fiscal year amounted to $118,800.18. The disbursements, 
which are given in detail in the annual report of the executive com- 
mittee, amounted to $86,374.52, leaving a balance of $32,425.66 on 
deposit June 30, 1911, in the United States Treasury. 

The Institution was charged by Congress with the disbursement 
of the following appropriations for the year ending June 30, 1911: 


International exchanges $32,000 

American Ethnology 42,000 

Astrophysical Observatory 13, 000 

National Museum : 

Furniture and fixtures 125, 000 

Heating and lighting 50,000 

Preservation of collections 300,000 

Books 2,000 

Postage 500 

Building repairs 15, 000 

Building 77 , 000 

National Zoological Park 115, 000 

International Catalogue of Scientific Literature 7, 500 

Elevators, Smithsonian Building 10, 000 


Total 789,000 


EXPLOITATIONS AND BESEAECHES. 

Yarious scientific explorations and researches have been carried on 
during the past year by the Institution as far as its limited income 
and the generosity of its friends would permit. There have also been 
important biological, ethnological, and astrophysical researches by 
the National Museum, 'the Bureau of American Ethnology, and the 
Astrophysical Observatory, respectively, which are discussed else- 
where in this report. 



STUDIES IN CAMBKIAN GEOLOGY AND PALEONTOLOGY. 

During the field season of 1910 I continued the study of the Cam- 
brian strata of the section of the Eocky Mountains adjacent to the 
main line of the Canadian Pacific Railway, special attention being 
given to the Stephen formation. The outcrop of this formation was 
carefully examined for many miles along the mountain sides, with the 
hope of finding a locality where conditions had been favorable for 
the preservation of the life of the epoch. The famous trilobite 
locality *on the slope of Mount Stephen above Field had long been 
known and many species of fossils collected from it, but even there 
the conditions had not been favorable for the presence and preserva- 
tion of examples of much of the life that, from what was known of 
older faunas and the advanced stage of development of the Upper 
Cambrian fauna, must have existed in the Middle Cambrian seas. 
The finding, during the season of 1909, of a block of fossiliferous 
siliceous shale that had been brought down by a snowslide on the 
slope between Mount Field and Mount Wapta led us to make a 
thorough examination of the section above in 1910. Every layer of 
limestone and shale above was examined, until we finally located the 
fossil-bearing band. After that for 30 days we quarried the shale, 
slid it down the mountain side in blocks to a trail, and transported 
it to camp on pack horses, where the shale was split, trimmed, and 
packed and then taken down to the railway station at Field, 3,000 
feet below. 

A number of sections of the Cambrian rocks were studied and 
measured in the mountains north and south of Laggan, Alberta, and 
many beautiful panoramic photographs secured. 

BIOLOGICAL SURVEY OE THE PANAMA CANAL ZONE. 

At the date of my last annual report the Institution contemplated 
an exhaustive biological survey of the Panama Canal Zone, and it 
was then hoped that definite plans would soon be completed and the 
survey undertaken within a few months. I am glad now to report 
that chiefly through the generosity of friends of the Institution the 
necessary funds for carrying on the work became available. With 
the cooperation of several of the executive departments, and of the 
Field Museum of Natural History, a party of about 10 naturalists 
was accordingly sent to the zone, and the results so far accomplished 
have been very satisfactory. Large collections of biological material 
have been received, including specimens of a considerable number of 
genera and species new to science. 

Much interest is manifest in the survey both here and in the zone. 
The Republic of Panama was so impressed with the importance of 
the work that it invited the -Institution to extend the survey within 



the bounds of that country, which was done with gratifying results 
as far as the limited means and time permitted. 

As stated in my last report, it seemed to be highly important to 
science that such a survey of the Canal Zone be made, for, although 
it was known in a general way that a certain number of species of 
animals and plants in the fresh-water streams on the Atlantic side 
of the Isthmus were different from those on the Pacific side, no defi- 
nite knowledge of the extent of these differences had been acquired. 
It also seemed important to determine exactly the geographical dis- 
tribution of the various organisms inhabiting the Isthmus, which is 
one of the routes by which the animals and plants of South America 
have entered North America and vice versa. When the Panama 
Canal is completed the organisms of the various watersheds will be 
offered a ready means of mingling together, the natural distinctions 
as regards distribution now existing will be obliterated, and the data 
for a true understanding of the fauna and flora will be placed for- 
ever out of reach. Moreover, a great fresh-water lake will be cre- 
ated by the construction of the Gatun Dam, and the majority of the 
animals and plants inhabiting that locality will be driven away or 
drowned, and quite possibly some species may be exterminated before 
they become known to science. 

BIOLOGICAL EXPEDITION IN CANADA. 

Through the courtesy of the Canadian Government and of Dr. 
A. O. M^ieeler, president of the Alpine Club of Canada, the Smith- 
sonian Institution was enabled to send a small party of naturalists 
to accompany Dr. Wheeler on his topographical survey of the British 
Columbia and Alberta boundary line and the Mount Eobson region. 
The party started in June, 1911. 

The region to be surveyed includes a most rugged and broken 
country in the midst of the Canadian Eockies, abounding in a great 
variety of animals and plants, and it is expected that the expediiion 
will result in a large and valuable collection of birds, mammals, 
insects, and plants to be added to the National Museum series. 

KAINET EXPEDITION IN AEKICA. 

Mr. Paul J. Eainey,.of New York City, having planned a hunting 
and collecting trip of several months’ duration in Africa, offered to 
present to the Institution the natural history material obtained dur- 
ing the trip if there could be sent with him some person skilled in 
the preparation of specimens. Mr. Eainey generously offered to 
bear all the expenses of the trip. The route of travel was to be north 
of that of the recent Smithsonian African expedition, through the 
country lying between the northern portion of British East Africa 
and the southern part of Abyssinia. Mr. Edmund Heller, who was 



One of the field naturalists of the Smithsonian African expedition 
under the direction of Col. Eoosevelt, was accordingly detailed to 
accompany Mr. Eainey, and letters have been received indicating 
very successful results. 

BIRD STUDIES IN THE ALEUTIAN ISLANDS AND BERING SEA. 

A small party of naturalists made a brief visit to the Aleutian 
Islands and Bering Sea during the season of 1911, chiefly in the 
interest of the Smithsonian Institution and the Biological Survey of 
the Department of Agriculture, especially for a study of land and 
marine birds. Through the cooperation of the Treasury Depart- 
ment the party was afforded transportation on the revenue cutter 
Talioma. 

The principal results of the visit were the collection of a good 
series of all the land birds of the islands visited, including a particu- 
larly fine series of ptarmigan, and a large number of eggs, and the 
securing of some . interesting observations on the distribution and 
habits of the birds of that region. These observations will be made 
use of by Mr. A. C. Bent, who has undertaken to complete the work 
on the life histories of North American birds, two volumes of which, 
by the late Maj. Charles Bendire, have been published by the Na- 
tional Museum and the Smithsonian Institution. 

ANTHROPOLOGICAL RESEARCHES IN PERU. 

During the summer of 1910 Dr. Ales Hrdlicka, of the National 
Museum, visited the great ruins of the temples and city of Pachaca- 
mac, about 18 miles south of Lima, and also the ruins and cemeteries 
in the district of Trujillo, Peru, where he collected upward of 3,400 
crania and a quantity of other skeletal parts. A large percentage 
of the gathered skulls are free from artificial deformation and there- 
fore afford a much better opportunity than previous collections for 
a critical study of the peoples who centuries ago occupied and con- 
gregated in these regions. 

Pachacamac was a religious center, much like the Egyptian Thebes 
and the Mohammedan Mecca, to which pilgrims flocked from all 
parts of Peru. After the destruction of the Temple of the Sun by 
the Spaniards, the place became a desolate pile of ruins, with from 
60,000 to 80,000 graves of pilgrims who had come from widely 
separated regions^. The Valley of Chicama, near Trujillo, with the 
neighboring country, was the seat of the powerful people known after 
one of their chiefs as Chimu. 

As to the importance of the material collected, Dr. Hrdlicka 
remaidis : 

Peru may well be regarded, even in its present territorial restrictions, as 
tbe main key to the antbropology of South America. Due to the numbers of 
its ancient inhabitants, and to their far-reachmg social diUerentiations, indi- 



eating long occupancy, a good knowledge of the people of Peru from the earliest 
times is very desirable, and would constitute a solid basis from which it 
would be relatively easy to extend anthropological comparison to all the rest 
of the native peoples of the southern continent. Such anthropological com- 
parisons will be greatly facilitated by the collections acquired on this expedition. 

Some of the interesting results of his work are described by Dr. 
Hrdlicka in a pamphlet recently published by the Institution. 

RESEARCHES "UNDER THE HODGKINS EUND. 

With a view to aiding in the establishment of an international 
scale for the measurement of solar radiation, as mentioned in my 
last report, a limited grant from the Hodgkins fund has been 
approved for the construction, in the Smithsonian workshops, of 
several silver disk pyrheliometers, after the design of Mr. 0. G. 
Abbot, Director of the Smithsonian Astrophysical Observatory. 

The International Solar Union has for some time been inter- 
ested in the establishment of an international standard scale of 
radiation, and pyrheliometers of varying types have been in use 
at different observatories. The desire, however, for still another 
simple but accurate instrument seemed general, and the Institution 
has been gratified to learn that, by the use of the Abbot pyrheli- 
ometer, a more exact knowledge of solar radiation and the influence 
of the terrestrial atmosphere upon it have been promoted. 

Arrangements have been made whereby the Abbot pyrheliometer 
is now in use in widely separated localities. There is one in the 
astronomical observatory established by Harvard College at Are- 
quipa, Peru; another in the observatory at Teneriffe: and two have 
been sent to the minister of agriculture in Buenos Aires for meteoro- 
logical stations in Argentina. The Department of Agriculture, the 
Bureau of Standards, and the United States Weather Bureau in 
Washington are supplied with the instruments; Prof. Chistoni, of 
the Eoyal University of Naples, has installed one there, and the 
Imperial College of Science arid Technology at South Kensington, 
London, has secured one. Prof. Violle, of the National Observatory 
of Arts and Crafts, Paris, was among the first to install one of the 
Abbot instruments, and one has been sent to Dr. Hellmann, director 
of the Eoyal Prussian Meteorological Institute; Berlin. The Uni- 
versity of Toronto, Canada, the University of Wisconsin, and the 
Central Physical Observatory of St. Petersburg also have them, and 
inquiries from other institutions as to the mode of securing them 
are frequent, so that the establishment of the desired international 
standard of estimating and recording the variations of solar radia- 
tion seems to have been already aided by the use of uniform instru- 
ments in many widely separated localities. 



The distinguished specialists who form the committee on award 
for the examination of the memoirs submitted in the Hodgkins prize 
competition, announced in connection with the Congress on Tuber- 
culosis of 1908, have not yet submitted their decision. This delay 
is regretted by the Institution as sincerely as by the competitors, but 
has seemed to be unavoidable as the large number of papers pre- 
sented and their technical character make it very diifficult to render 
a prompt decision. 

Then, too, it is to be remembered that, according to the terms of 
the competition, the successful paper is to embody an original theory 
or discovery for the treatment of tuberculosis, not before published, 
a difficult task at a time when the attention of the medical world is 
so generally directed to the same subject. 

The Langley Memoir on Mechanical Flight, the publication of 
which by the Hodgkins fund of the Institution was unfortunately 
delayed by causes beyond the control of the Institution, was com- 
pleted just at the close of the fiscal year, as mentioned on another 
page. 

SMITHSONIAN TABLE AT NAPLES ZOOLOGICAL STATION. 

The Smithsonian Institution for 18 years past has maintained a 
table for the use of American biologists at the Naples Zoological 
Station. Exceptional opportunities are there afforded for the study 
of marine life, and it is believed that the cause of biological science 
has been thereby much advanced. 

The application of Dr. R. S. Williams, of Miami University, 
mentioned in the Secretary’s Report for 1910, was approved for 
March and April, 1911. Dr. Williams was chiefly occupied at 
Naples in ascertaining the rate of growth of recent encrusting 
organisms, especially bryozoans, with a view to the use of this 
information in researches on the Richmond division of the Ordo- 
vician period. The results thus far obtained by him he considers 
preliminary, and he proposes to continue the same research at some 
future time on a float anchored in the open sea. 

In addition to his work on the bryozoan fauna, Dr. Williams 
secured a representative collection of the jaw apparatus of the 
free-swimming annelids belonging to the Eunicidea and the 
Olyceridea. 

The appointment of Dr. Sergius Morgulis, a Parker Traveling 
Fellow from Harvard for 1911, was approved for the Smithsonian 
seat at Naples for the months of May, June, and July of this year. 

Dr. C. W. Hargitt, of Syracuse University, a Smithsonian ap- 
pointee at Naples for three months in 1903, was accorded a second 
occupancy during the present year. Several papers, among which 
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may be mentioned “ The Hydromedusae of the Bay of Naples ” 
and “ Regeneration in Ehizostoma pulmo,” were published by Dr. 
Hargitt as a result of his former appointment, and a report of his 
work during the present year is now in hand. He mentions with 
appreciation the cordial welcome accorded him by the director and 
staff of the laboratory, and the generosity with which the facilities 
for his work were provided. 

Two papers embodying the results of Dr. Hargitt’s recent investi- 
gations have been completed since his term at Naples, and are now 
in course of publication in the Journal of Experimental Zoology. 

The application of Dr. Ch. Zeleny, associate professor of zoology 
in the University of Illinois, was approved for one month’s occu- 
pancy, to cover part of June and July, 1911. No summary of the 
work accomplished during this period has yet been received from 
Dr. Zeleny. 

When the same period is selected by more than one student the 
earliest application is considered first, the approval of the later ones 
becoming necessarily dependent on the ability of the station to pro- 
vide for more than one Smithsonian appointee at the same time. 
It should be added that the obliging courtesy shown in this connec- 
tion to appointees of the Smithsonian Institution by the director of 
the station often permits appointments to the seat which would 
otherwise be impracticable. 

The prompt and efficient aid of the advisory committee in examin- 
ing and reporting on applications for the table is still, as it has al- 
ways been, of great service to the Institution and is very thoroughly 
appreciated. 

POBLICATIONS. 

The Smithsonian Institution and its branches distributed during 
the past year nearly 200,000 copies of their various publications. 
These were sent chiefly to libraries and learned institutions through- 
out the world and to a limited list of specialists in the subjects 
discussed. It would be impracticable, without a very great increase 
in the size of the editions, to meet the popular demand for copies of 
Smithsonian publications. In the case, however, of the publications 
issued by the Government bureaus under direction of the Institu- 
tion, which are printed under congressional appropriations, the law 
provides that they may be purchased by all who desire them at a 
slight advance over the cost of printing by application to the Super- 
intendent of Documents. 

It is through its publications that the Smithsonian Institution per- 
forms one of its principal functions— the diffusion of knowledge. 
Two series of works are issued by the Institution proper at the ex- 
pense of the Smithsonian funds, namely, Smithsonian Contributions 
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to Ejiowleclge, in quarto, and Smithsonian Miscellaneous Collections, 
in octavo fox'm. The editions of these series-^ire necessarily limited 
in number for distribution almost entirely to a carefully selected 
list of libraries throughout the world, where they may be readily 
consulted by students and investigators. There is also issued, at the 
cost of Government appropriations, an annual report, in the general 
appendix of which is included a considerable number of papers, 
either original or selected from more or less inaccessible sources, 
reviewing the progress and present condition of the natural and 
physical sciences and other branches of human knowledge. Al- 
though the edition of the report is considerable, yet the supply is 
each year exhausted within a very short tune after its publication. 

Oontribiitiom to Knowledge. — The Langley Memoir on Mechanical 
Flight, referred to in my last report, had been put to press and was 
nearly ready for distribution at the close of the fiscal year. This 
work forms a quarto volume of over 300 pages and a hundred plates. 
The memoir was in preparation at the time of Mr. Langley’s death 
in 1906 and part of it had been written by him, bringing the work 
down to May, 1896, the date of his demonstration that a machine 
heavier than air could be made to fly under its own power. The 
account of later experiments, from 1897 to 1903, was written by Mr. 
Charles M. Manly, who became Mr. Langley’s chief assistant in 1898. 

Miscellaneous Collections. — Twenty papers on various subjects have 
been added to the series of Smithsonian Miscellaneous Collections, 
including descriptions of a number of new species of animals ob- 
tained by the Smithsonian African expedition and the biological 
survey of the Panama Canal Zone, and several papers, mentioned 
elsewhere, giving some results of my studies and field work in 
Cambrian geology and paleontology, besides an interesting paper 
by Dr. Hrdlicka on his anthropological investigations in Peru. 

Smithsonian Tables. — In connection with the system of meteoro* 
logical observations established by the Smithsonian Institution about 
1850, a series of meteorological tables was compiled by Dr. Arnold 
Guyot at the request of Secretary Henry, and the first edition was 
published in 1852. Though primarily designed for meteorological 
observers reporting to the Smithsonian Institution, the tables were 
so widely used by physicists that it seemed desirable to -recast the 
entire work. It was decided to publish three separate sets of tables, 
each containing the latest knowledge in the field which it covered, 
but together forming a homogeneous series. The first of the new 
series. Meteorological Tables, was published in 1893; the second, 
Geographical Tables, in 1894;- and the third, Physical Tables, in 
1896. In 1909 another volume was added, so that the series now 
comprises: {d) Smithsonian Meteorological Tables, (5) Smithsonian 
Geographical Tables, {e) Smithsonian Physical Tables, and {d) 
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Smithsonian Mathematical Tables, Each of these works has been 
published in revised editions, with such corrections and additions 
as became necessary by the advance of scientific knowledge. 

The years that had elapsed since the publication of the first edi- 
tion of the Physical Tables in 1896 had brought such changes in the 
material upon which these tables must be based that it became 
necessary to almost wholly recast the work for the fifth revised 
editiouj which was published during the past year. Eecent data and 
many new tables have been added, including several mathematical 
tables especially computed for this work, which forms a volume of 
about 350 pages. 

Opinions on Zoological N omenclatuTe, — ^As stated with some detail 
in my last report, the Institution cooperates with the International 
Commission on Zoological Nomenclature by providing clerical assist- 
ance for its secretary and by the publication of the commission’s 
opinions. During the past year two pamphlets were issued contain- 
ing opinions 1 to 25 and 26 to 29, covering important questions of 
nomenclature that had been matters of discussion among zoologists. 
In connection with the summary of each opinion there is printed a 
statement of the case and the discussion thereon by members of the 
commission. The rules to be followed in submitting cases for 
opinion ^ as laid down by the commission are as follows : 

(1) The commission does not undertake to act as a bibliographic or nomen- 
clatural bureau, but rather as an adviser in connection with the more difficult 
and disputed cases of nomenclature. 

(2) All cases submitted should be accompanied by (a) a concise statement 
of the point at issue, (5) the full arguments on both sides in case a disputed 
point is involved, and (c) complete and exact bibliographic references to every 
book or article bearing on the point at issue. 

The more complete the data when the case is submitted the more promptly 
can it be acted upon. 

(3) Of necessity, cases submitted with incomplete bibliographic references 
can not be studied and must be returned by the commission to the sender. 

(4) Gases upon which an opinion is desired may be sent to any member of 
the commission, but — 

(5) In order that the work of the commission may be confined as much as 
possible to the more difficult and the disputed cases, it is urged that zoologists 
study the code and settle for themselves as many cases as possible. 

HammUn Alasha series ^ — ^The Institution has received from Mrs. 
Edward H. Harriman several thousand copies of volumes descrip- 
tive of the results of the Harriman expedition to Alaska in 1899. 
The expedition was organized in cooperation with the Washington 
Academy of Sciences, but entirely at the expense of Mr. Harriman. 
He invited as his guests 3 artists and 25 men of science represent- 
ing various branches of research. The expedition sailed from Seattle 

1 Cases should be forwarded to the secretary of the commission, Dr. Ch. Wardell Stiles, 
U. S. Hygienic Laboratory, Washington, B. C. 
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on May 30, 1899, on a special steamer, and was gone about two months, 
visiting the Aleutian Islands, the Pribilof Islands, and the Eskimo 
settlements on the Asiatic and American shores. The journey was 
extended through Bering Strait and return, and covered 9,000 miles. 
Large and important collections were made of mammals, birds, 
insects, marine animals, fossil shells, and fossil plants. Studies were 
also made of the great glaciers and of the geological formations of 
the regions visited. The contents of the volumes received by the 
Institution are enumerated by the editor in the appendix to the 
present report. The series consists of 11 volumes, printed and illus- 
trated in the best manner. These books, now known as the Harri- 
man Alaska Series of the Smithsonian Institution, have been dis- 
tributed, under special Smithsonian title pages, to a selected list of 
libraries throughout the world, the few copies of certain volumes 
remaining after such a distribution being held for sale in accordance 
with the terms of the agreement. 

Museum publications, — ^The National Museum published its an- 
nual report, two volumes of proceedings and several bulletins, cover- 
ing the usual wide range of subjects, but chiefly pertaining to zoology 
and botany. 

Ethnological publications, — The Bureau of American Ethnology 
issued several bulletins, including part 2 of the Handbook of Ameri- 
can Indians North of Mexico; part 1 of the Handbook of American 
Indian Languages; Antiquities of Central and Southeastern Mis- 
sissippi Valley; Antiquities of the Mesa Verde National Park, and 
bulletins on other ethnological subjects. 

Publications of historical and patriotic societies, — ^Annual reports 
of the American Historical Association and the National Society of 
the Daughters of the American Eevolution were as usual commu- 
nicated to Congress in accordance with law. 

Advisory committee on printing and publication, — ^The committee 
on printing and publication has continued to examine manuscripts 
proposed for publication by the branches of the Institution, and has 
considered various questions concerning public printing and binding. 
Twenty-four meetings of the committee were held during the year 
and 115 manuscripts were passed upon. The personnel of the com- 
mittee is as follows: Dr. Frederick W. True, Assistant Secretary 
of the Smithsonian Institution, chairman ; Mr. C. G. Abbot, Director 
of the Astrophysical Observatory; Mr. W. I. Adams, disbursing 
officer of the Smithsonian Institution; Dr. Frank Baker, superin- 
tendent of the National Zoological Park; Mr. A. Howard Clark, 
editor of the Smithsonian Institution ; Mr. F. W. Hodge, ethnologist 
in charge of the Bureau of American Ethnology; Dr. George P. 
Merrill, head curator of geology. United States National Museum; 



and Dr. Leonhard Stejneger, head curator of biology. United States 
National Museum. 

Allotments for f Tinting . — ^The allotments to the Institution and its 
branches, under the head of “ Public printing and binding,” during 
the j)ast fiscal year, aggregating $72,700, were, as far as practicable, 
expended jprior to June 30. The allotments for the year ending June 
30, 1912, aggregating $T2,900, are as follows : 

For the Smithsonian Institution, for printing and binding annual re- 
ports of the Board of Regents, with general appendixes $10, 000 

For the annual reports of the National Museum, with general appen- 
dixes, and for printing labels and blanks, and for the bulletins and 
proceedings of the National Museum, the editions of which shall not 
exceed 4,000 copies, and binding, in half turkey or material not more 
expensive, scientific books and pamphlets presented to or acquired by 


the National Museum library 34, 000 

For the annual reports and bulletins of the Bureau of American Eth- 
nology and for miscellaneous printing and binding for the bureau 21, 000 

For miscellaneous printing and binding: 

International exchanges 200 

International Catalogue of Scientific Literature 100 

National Zoological Park 200 

Astrophysical Observatory 400 

For the annual report of the ximerican Historical Association 7, 000 


Total 72, 900 


LIBRARY. 

The libraries of the Smithsonian Institution and of its several 
branches show an increase of about 18,000 volumes and pamphlets 
during the last year, being largely additions to the National Museum 
library and the SmitliShnian deposit in the Library of Congress. 

During the last five years improved methods and consolidation of 
work have been adopted in the interest of economy and efficiency, as 
discussed by the Assistant Secretary in the appendix to this report. 

The library of the Bureau of Ethnology has been transferred from 
its former quarters in a rented building to the galleries of the main 
hall in the Smithsonian Building where it is much more con- 
venient for reference, though the books are still arranged on 
temporary wooden shelves. It is hoped that this hall, which was 
originally planned for library purposes, may in the near future be- 
come available for such use. It is proposed, if necessary funds be- 
come available, to remove the wooden galleries, stairways, win- 
dow sashes and frames, and book cases in this hall and substitute 
fireproof bool^stacks, stairways, and windows. The new stacks 
and cases would accommodate the books belonging to the several 
bureaus under the direction of the Institution, including a part of the 
library of the National Museum, which should be kept in a central 
location. They would also provide a safe place to assemble the 
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Smithsonian books constantly used by the bureaus, of which several 
thousand are now scattered through various rooms in the Smith- 
sonian Building. 

LANGLEY MEMORIAL TABLET. 

The memorial tablet authorized by the Regents to be erected in 
the Smithsonian building commemorative of the aeronautical work 
of the late Secretary Langley has not yet been completed. A design 
for the tablet has, however, been prepared and is under consideration 
by the committee appointed for the purpose. 

INTERNATIONAL CONGRESSES AND CELEBRATIONS. 

The Institution each year receives invitations to numerous scien- 
tific congresses and celebrations in the United States and abroad, 
but as funds are not available for the expenses of delegates few of 
these invitations can be accepted. In some instances, however, it is 
possible to arrange for representation by collaborators of the Insti- 
tution who are visiting the localities on official or private business. 

Congress of Americanists, — Dr. Ales Hrdlicka was appointed rep- 
resentative of the Smithsonian Institution and the ISTational Mu- 
seum and delegate on the part of the United States at the second 
session of the Seventeenth International Congress of Americanists, 
held in the Museo Nacional, Mexico City, September 8 to 14, 1910. 
He presented an account of his recent explorations in Peru, and also 
described the uncovering of an especially interesting sepulchre which 
he had been invited by the Mexican authorities to open in the ancient 
ruins of San J uan Teotihuacan. 

The meeting was held in the Museo hTacional, and was well at- 
tended, especially by scientific men from the United States. 

Dr. C. W. Currier, of Washington, was also designated delegate 
of the United States and a representative of the Smithsonian Insti- 
tution at the above congress. 

International American ScientifiG Congress. — ^Mr. Bailey Willis, as 
delegate on the part of the Smithsonian Institution, attended the 
International Scientific Congress which was held at Buenos Aires, 
Argentina, July 10 to July 25, 1910. 

Geological Congress . — ^In August, 1910, the Eleventh International 
Geological Congress met in Stockholm. Dr. George F. Becker, of 
the United States Geological Survey, was a delegate on the part of 
the Smithsonian Institution. The congress was more largely at- 
tended than any of its predecessors, and nothing could exceed the 
hospitality of its reception. The principal subjects of discussion 
were the distribution and extent of the iron ore deposits of the 
world, Cambrian paleontology, and the change of climate since the 
last maximum of glaciation. To all of these subjects painstaking 



contributions were made from every quarter of the globe, and the 
publications of the congress contain the most authoritative exposi- 
tion of the present state of knowledge on these vital questions. 
Among the papers presented to the congress was one expressing my 
view on the abrupt appearance of the Cambrian fauna.” 

Zoological Congress. — The Seventh International Zoological Con- 
gress was held at Graz, Austria, in August, 1910. The delegates on 
the part of the United States and the Smithsonian Institution and 
National Museum were Dr. H. H. Field, Dr. W. R. Kellicott, Dr. Ch. 
Warden Stiles, and Mr. Austin H. Clark. About 600 members were 
present at this congress, of whom about 60 were from the United 
States, the majority of these representing scientific societies or educa- 
tional institutions. To facilitate its labors, the congress was divided 
into sections, each section representing a definite subject or group of 
subjects. Papers of general interest were read in the Stephanien- 
salle, a large hall in the center of the city, while papers of more 
restricted scope were presented in the various lecture rooms of the 
university. Taken as a whole, the papers read were of a distinctly 
progressive nature, the authors, especially the younger ones, showing 
a marked disposition to depart from the time-honored and accepted 
lines of work and thought, and to approach their subjects from 
entirely new view points. 

' Congress of Bibliography and Documentation. — Mr. Paul Brockelt, 
assistant librarian of the Institution, who was appointed a delegate 
to the International Congress of Bibliography and Documentation 
at Brussels, August 25 to 27, 1910, attended the congress and sub- 
mitted a report on its proceedings, which is printed in the appendix. 

Congress of Archivists and Librarians. — ^An International Con- 
gress of Archivists and Librarians was held at Brussels August 29 
to 81, 1910, when the Institution was represented by Mr. Paul 
Brockett, whose report appears in the accompanying appendix. 

MISCELLANEOUS. 

Eambach collection of fossils. — ^The Institution has secured from 
Dr. Gustav Hambach, of St. Louis, a collection of about 20,000 
specimens of fossil echinoderms and other animals, with more than 
100 types. Almost all the fossils were collected in the Mississippi 
Valley and are the choicest obtainable. The series of Blastoids, a 
group of fossil echinoderms, is unique. The collection contains 
representatives of the various classes of animals, among which may 
be mentioned many insects from the Cenozoic formation in Colorado; 
many specimens of Paleozoic fishes, including an especially inter- 
esting series of teeth and spines; a complete series of fo^il sea:- 
urchins; the jaws of a Carboniferous batrachian over a foot long, 
and of a mastodon. 
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Chinese 'photographs , — The Institution has received a valuable 
series of large photographic negatives taken by Mr. Bailey Willis in 
connection with his geological work in China. These photographs 
represent scenery, particularly landscapes in which the loess forma- 
tion is conspicuous, and also Chinese buildings, monuments, and the 
people themselves. The route of the expedition through the Prov- 
inces of Chihli, Shansi, and Shensi led through the district of the 
loess formation and some remote mountain regions of great interest 
and scenic beauty. Copies of many of these photographs have been 
furnished at cost to various institutions for educational purposes. 

NATIONAL MUSEUM. 

The most important item of interest in connection with the Na- 
tional Museum during the year was the completion on June 20, 1911, 
of all structural work on the new building, just six years after the 
excavations for the foundation were commenced. On another page 
the Assistant Secretary in charge of the Museum mentions the very 
superior character of the building for museum purposes. It is mas- 
sive and imposing in appearance. It is well lighted. There is little 
room that can not be utilized. More than one-half of the 10 acres 
of floor space is placed at the service of the public in the interest of 
popular education, while the remaining space is used for reserve col- 
lections and laboratories of the scientific departments and divisions 
and for the maintenance of the building and the operation of the 
heating, lighting, and ventilating plant. The greater part of the 
natural-history collections, including ethnology, have been removed 
to the new structure ; while in the old building space is now afforded 
for the proper display of objects pertaining^ to the arts and indus- 
tries, including the collection illustrating the graphic arts and the art 
textiles, and also for the large and interesting series illustrative of 
American history. Although there has as yet been no formal dedi- 
cation of the new building, the exhibition halls are being opened to 
the public one after another as the reinstallation of the exhibits pro- 
gresses. It is planned in the near future to admit visitors to the 
new building, for a portion of the day at least, on Sundays in order 
that the people of Washington may be afforded a long-desired bp- 
portunity to study the national collections in their leisure hours. 

The number of visitors to the new building during the year was 
151,112 and to the old building 207,010. 

The auditorium in the new building has been utilized for meetings 
of various scientific bodies and important lectures. The First Ameri- 
can International Humane Congress was held there from October 
10 to 15, 1910, and in connection therewith an interesting exhibit was 
displayed. 
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The accessions received by the Museum during the year include 
more than 200,000 specimens of animals and plants, besides 6,600 
specimens relating to geology and paleontology, and about 17,000 
anthropological objects. To the National Gallery of Art were added 
94 paintings and engravings. In addition, about 1,600 objects of 
art and anthropology were accepted by the Museum as loans for ex- 
hibition. Among important accessions that merit special mention 
was a collection of 3,400 ancient crania, 6,000 bones, and 1,500 archeo- 
logical objects, gathered chiefly in Peru by Dr. Hrdlicka, as men- 
tioned on another page. Other interesting archeological objects were 
received from the ancient pueblos of Arizona and New Mexico, be- 
sides a valuable series of skulls and skeletons from Arkansas and 
Mississij)pi. About 50,000 specimens of mollusks, collected in Alaska 
by Dr. William H. Dali between the years 1871 and 1899, were re- 
ceived during the year, together with many thousands of Japanese 
mollusks from the Imperial University of Japan. 

Many other interesting accessions of objects of zoology, botany, 
geolog}^, and anthropology are referred to by the Assistant Secre- 
tary in his report. 

The paintings of the National Gallery of Art, exhibited in the 
middle hall of the new building, continue to attract much public 
attention. Mr. William T. Evans has added IS canvases to his 
notable gift, which now comprises 127 pictures, representing 90 
contemporary American painters. 

Mr. Charles L. Freer has also added a large number of objects of ^ 
oriental art to his most important gift to the Nation, the entire collec- 
tion remaining, however, in his keeping at Detroit, Mich. 

The great exhibition halls of the new building will afTord op- 
portunity for the proper display of the national collections illustra- 
tive of natural history, and especially such large and striking objects 
as groups of mammals, skeletons of fossil vertebrate animals, and 
groups representing the habits and customs of the races- of mankind. 
The collections pertaining to the ethnology of America had increased 
year by year so rapidly in extent that they long ago outgrew the 
space that could be allotted to them in the old building. In the new 
structure they are installed with adequate regard to their size and 
importance. 

The loan collection of laces and other art textiles has been largely 
increased numerically and in variety of contents under the able 
supervision of Mrs. James W. Pinchot, who initiated the movement. 

The Museum has continued the distribution of collections of dupli- 
cate sj)ecimens to schools and colleges throughout the country. About 
3,000 specimens, chiefly recent and fossil animals, were thus dis- 
tributed during the year, and about 23,600 duplicate specimens were 
used in making exchanges. 
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Considerable progress has been made in arranging the large 
quantities of natural-history specimens collected by the Smithsonian 
African expedition and the Smithsonian biological survey of the 
Panama Canal Zone. Some of the African mammals of greatest 
public interest have been mounted in groups. 

BUEEAU OF AMERICAN ETHNOLOGY. 

The Bureau of American Ethnology has been engaged for a 
number of years in scientific studies of the American aborigines, 
including their arts and industries, government, religious and soci- 
ological systems, and languages, as well as their mental and physical 
characteristics, their history, and antiquities. Much has been ac- 
complished in this direction, and many of the results have been 
permanently recorded and disseminated by means of publication; 
but a large body of material still awaits final study and arrange- 
ment, and much work remains to be done both in the field and in the 
office. 

The investigations of the bureau have, however, reached a stage 
at which it has been found possible to summarize some of the results 
in the form of handbooks, designed especially for the use of schools 
and unprofessional students. The demand for those already issued, 
or about to be published, is very large. Many changes are taking 
place among the Indians, owing to their advance in civilization, and 
for that reason the researches are being pressed with all possible 
speed while knowledge of primitive conditions is still available. The 
Indians form one of the great races of mankind, and the world 
properly looks to our Government to gather and record accurate 
knowledge of this branch of the human family, while by many the 
work of the Bureau of American Ethnology is regarded as the basis 
of American history. 

One of the immediate demands upon the bureau is vigorous activity 
in the exploration and preservation of antiquities, especially in 
Arizona, Colorado, and New Mexico, before these important and 
most interesting ruins are entirely destroyed by vandalism or the 
elements. 

Another important work that should speedily be undertaken is 
an ethnological study of the Indians and Eskimo of Alaska before 
the advent of greater numbers of white people shall have so modified 
them as to destroy their primitive character. So also there is need 
of further activity in the study of the few survivors of Indian tribes 
in the Middle West. 

The bureau has conducted various lines of field work among the 
tribes which composed the Creek Confederacy of the Southern 
States; the Tewa Indians of the Eio Grande Valley, New Mexico; 



the Winnebago Indians of Wisconsin and Nebraska; the Piegan, 
Blackfeet, Cheyenne^ and Menominee Indians of the Algonquian 
family; the Chippewa Indians, especially with reference to their 
music; the Osage Indians, now in Oklahoma, and the Iroquois in 
New York. 

A study of the past and present population of the Indians, with 
the various causes of their decrease is being conducted. 

Some very interesting studies were made in Cuba, indicating that 
the western end of the island, including the Isle of Pines, was once 
inhabited by a cave-dwelling people of low culture and without agri- 
culture. It is believed that these people were in that condition at 
the time of the visit of Columbus, and that they were the survivors of 
a cave-dwelling population once occupying all of Cuba and repre- 
sented in Porto Rico and elsewhere in the West Indies. 

The Smithsonian Institution, through its Bureau of American 
Ethnology in cooperation with the Archseological Institute of Amer- 
ica, has carried on excavations in prehistoric cliff dwellings and 
pueblo ruins in New Mexico. In one locality these dwellings extend 
along the walls of a canyon for about 2 miles. In cooperation with 
the Colorado Cliff Dwellers’ Association, the Institution excavated 
and repaired the celebrated Balcony House in Colorado. Excava- 
tions have also been made in newly discovered cliff’ dwellings and 
other archeological remains in northwestern Arizona. 

INTERNATIONAL EXCHANGES. 

An idea of the magnitude of the work conducted by this branch 
of the Institution may be obtained from the statement that 228,098 
packages were handled during the year, an increase over the number 
for the preceding 12 months of 7,073. The weight of these packages 
was 560,808 pounds, a gain of 76,124 pounds. 

The total available resources for carrying on this work were 
$36,954.99, $32,200 of which was appropriated by Congress, and 
$4,754.99 was derived from the exchange repayments to the Insti- 
tution. 

Several changes made during the year in the routine of the Ex- 
change Office have resulted in a more economical and efficient admin- 
istration of the service. 

It was stated in the last report that the German authorities had 
under consideration the founding in Berlin of an establishment to 
promote cultural relations between Germany and the United States, 
and that one of its functions would be to conduct on behalf of Ger- 
many the international exchange of publications which the Smith- 
sonian Institution carries on for the United States. This establish- 
ment, which is Imown as the Amerika-Institut, was organized in the 
fall of 1910 and the exchange duties were assumed by it on January 
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1,1911. The exchange agency maintained by the Smithsonian Insti- 
tution in Leipzig was discontinued on the latter date. 

Packages for Luxemburg and Roumania have heretofore been dis- 
tributed through the Leipzig agency. Since its discontinuance the 
Amerika-Institut has been good enough to assume charge of the dis- 
tribution of packages in Luxemburg, and the Academia Eomana at 
Bucharest has been asked to act as the Roumanian exchange inter- 
mediary. 

The J apanese Government has transferred the exchange agency of 
that country from the Department of Foreign Affairs to the Imperial 
Library at Tokyo. The regular series of United States official docu- 
ments, which had been sent to the former for a number of years, has 
also been deposited in the Imperial Library, 

The Government of the United Provinces of Agra and Oudh, 
Allahabad, India, has, at its request, been listed to receive a partial 
set of United States official publications, the total number of such 
depositories being now 31. The number of depositories of full sets of 
governmental documents remains the same as at the close of last year, 
namely, 55. 

The Governments of the Argentine Republic, Denmark, and Great 
Britain have entered into the immediate exchange of their parlia- 
mentary record during the past year, 29 countries now taking part 
in this exchange with the United States. 

Important collections of foreign publications have, through the 
efforts of the Exchange Office, been obtained during the past year 
for the Library of Congress and for several other establishments of 
the Government. 

NATIONAL ZOOLOGICAL PARK. 

The accessions to the Zoological Park during the past year were 
335 animals, and the total number of animals on hand June 30, 1911, 
was 1,414, representing 376 species of mammals, birds, and reptiles, 
about 20 species being new to the park. 

Among the important additions to the collections I may mention a 
pair of northern fur seals from Alaska, a hippopotamus, an East Af- 
rican buffalo, three prong-horn antelopes, a pair of reindeer, and a 
large Asiatic macaque monkey. 

The number of visitors was 521,440, or a daily average of 1,428. 
As an indication of the educational value of the park, it may be men- 
tioned that it was visited by 169 schools, classes, etc., with 4,966 
pupils, an increase of about a thousand over the year preceding. 
While most of the classes were from the District of Columbia, some 
of them belonged in various parts of the country, including all the 
New England States, New York, Pennsylvania, and North Carolina. 



The equipment of the Zoological Park, both as regards the accom- 
modations for the collections and facilities for visitors, is still in- 
adequate and is inferior to that of other establishments of the kind 
of equal importance. 

Many of the animals are kept in temporary quarters that are in- 
sufficient in size, more or less insanitary, and quite costly to maintain. 
This is particularly true of the fine series of birds, which includes 
some of exceptional interest and rarity. The rough temporary build- 
ing in which they are now kept is too small for the exhibition of the 
entire collection and the conditions are such that it is difficult to keep 
the birds in a good state of health. In a suitable structure the bird 
collection would be one of the most attractive features of the park. 

Permanent paddocks are also needed for the hardy deer, wild 
sheep, goats, and cattle, which are now scattered in temporary inclo- 
sures, some of them altogether unsuitable. 

A new bridge across Rock Creek is urgently needed to replace the 
present temjporary log structure, and it should be of a permanent 
character and sufficiently wide to provide for the greatly increased 
travel when the valley of Rock Creek is fully developed. 

The roadways and walks in the park were greatly improved at the 
cost of a special appropriation for that purpose. Nearly a mile of 
the roads were treated either by reshaping and supplying a top layer 
of .stone or by regrading and furnishing the entire thickness of road- 
bed metal. About If miles of walks were also laid or repaired and steps 
were constructed where grades had before been too steep. A consid- 
erable amount of work was also done to provide proper drainage. 

ASTROPHYSICAL OBSERVATORY. 

The Astrophysical Observatory has been engaged in three principal 
lines of work during the year. 

Observations by the spectroholoinetric method were continued in 
order to confirm the view referred to in last year’s report that the 
determinations of the intensity of the solar radiation outside the 
earth’s atmosphere are independent of the observer’s altitude above 
sea level, provided the conditions are otherwise good. Observations 
for the solar constant ” were accordingly taken on Mount Whitney 
in the summer of 1910, where opportunity was afforded also for 
measurements of the brightness of the sky by day and by night, the 
influence of the water vapor on the sun’s spectrum, and the distribu- 
tion of the sun’s energy spectrum outside the atmosphere. The re- 
sults of these observations show no discrepancy due to altitude be- 
tween Mount Wilson (5,840 feet) and Mount Whitney (14,502 feet). 

It also seemed important to confirm by further observation the 
variability of the solar constant of padiation. Observations were ac- 
cordingly continued daily at Mount Wilson until November 10, 1910, 
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and renewed again on June 11, 1911, which tend to confirm the con- 
clusion that the sun’s output of radiation varies from day to day in 
a manner irregular in period and quantity. Assurance seems now 
complete that this latter result will be tested during the next fiscal 
year by long-continued daily observations taken simultaneously at 
two widely separated stations, where the atmosphere is believed to be 
specially favorable for such research. The definite determination of 
the laws governing the apparent variability of the solar constant ” 
it is expected will be of much value in the probable forecast of 
climatic conditions from year to year. 

Measurements have also been made of the transparency, for long 
wave radiation, of columns of air containing known quantities of 
water vapor. This line of research promises highly interesting results. 

As mentioned on another page, arrangements have been made with 
several observatories, widely separated through the world, for the 
use of the standard silver-disk secondary pyrheliometer designed by 
the director of the Smithsonian Astrophysical Observatory. It is 
hoped to thus secure not only uniformity of radiation measures, but 
also a more exact knowledge of solar radiation and the influence of 
the terrestrial atmosphere upon it. 

INTEENATIONAL CATALOGUE OF SCIENTIFIC 
LITEEATUEE. 

The International Catalogue of Scientific Literature publishes, 
through the cooperation of countries in all parts of the world, a 
current classified index to the literature of science. Seventeen volumes 
have been published annually, beginning with the literature of 1901. 
The organization consists of a central bureau in London and regional 
bureaus established in and supported by the 32 countries taking part 
in the enterprise. Supreme control of the catalogue is vested in an 
international convention, which met in London July, 1905, and July, 
1910, and is to meet every tenth year hereafter. The second inter- 
national convention met in London at the rooms of the Koyal Society 
on July 12 and 13, 1910, and Mr, Leonard C. Gunnell, assistant in 
charge of the United States regional bureau, was sent by the Insti- 
tution as the delegate from the United States. The convention de- 
cided that on account of the success already achieved by the Interna- 
tional Catalogue and the great importance of the objects promoted, 
the enterprise would be continued. Attention was called to the ur- 
gent need of a permanent fund to aid in carrying on and extending 
the work. It was pointed out that although various regional bureaus 
for the collection of material were supported by the. countries in 
which they were located, the maintenance of the central bureau for 
general administration and actual publication of the 17 annual vol- 
umes was dependent entirely on the funds derived from the sub- 



scribers to the published volumes. Though every care has been used 
to edit and publish the work in the most economical way, the income 
of the central bureau has proved to be insufficient to meet current 
expenses and in addition pay interest on approximately $J35,000 of 
borrowed capital. 

As a more detailed report of the work of the bureau and of the 
proceedings of the convention will be found in the appendix to this 
report, it will be sufficient here to call attention to the great value 
and importance of the work, and to say that it would be difficult to 
find an enterprise more deserving of endowment. A capital fund, 
yielding an annual income of from $5,000 to $10,000, would enable 
the central bureau not only to broaden the scope of the catalogue 
but also to reduce the subscription price now charged for the annual 
volumes. This charge is $85 per year which, although not large 
Avhen the amount of matter published is considered, is found to be 
far beyond the means of many who would otherwise be glad to 
avail themselves of this important aid to scientific research. 

The Smithsonian Institution has a peculiar interest in the Inter- 
national Catalogue, for the reason that the original idea was con- 
ceived by the first Secretary of the Institution in 1855. The Eoyal 
Society through its Catalogue of Scientific Papers later partly 
carried out Secretary Henry’s idea. Experience proved that the 
enterprise was too great for any one society, or, indeed, any one 
nation, to undertake, and the Smithsonian Institution, representing 
the United States, joined in the movement to make the work 
international. 

The history of this international movement is briefly as follows : 

The British foreign office in 1894, at the instance of the Eoyal 
Society, requested the United States Government, through the De- 
partment of State, to send delegates to a conference to be held in 
London in 1896. The matter was referred to the Smithsonian 
Institution, and the late Prof. Simon Newcomb and Dr. John S. 
Billings were sent as delegates. The second conference was held in 
1898, and Dr. Cyrus Adler, librarian of the Smithsonian Institution, 
attended as a delegate. 

In 1901, when success or failure depended on obtaining the co- 
operation of the United States in the enterprise, the Smithsonian 
Institution agreed to and did support a regional bureau from that 
time until 1906, when Congress made its first annual appropriation 
to carry on the work in this country. It will thus be seen that in each 
step the United States has, through the Smithsonian Institution, been 
prominent in the movement, and it would be a matter of much 
gratification if now that the enterprise has been so auspiciously 
started it could be further aided by an endowment fund originating 
in this country. 
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NECEOLOGY. 

Melville Weston Fuller. 

It becomes my duty to record here the death of Chief Justice Mel- 
ville Weston Fuller, Chancellor of the Smithsonian Institution, who 
was born at Augusta, Maine, February 11, 1833, and died at his sum- 
mer home, Sorrento, Maine, July 4, 1910. For 22 years prior to his 
death, Chief Justice Fuller had been deeply interested in the welfare 
of the Institution, and only on one occasion was he absent from a 
meeting of the Eegents during the entire period of his service as a 
member of the board. 

During his long and useful life Justice Fuller served his country 
faithfully in several civil offices of trust and as Chief Justice of the 
Supreme Court of the United States. Flis achievements as a jurist 
were most adequately portrayed by the resolutions and eulogies pro- 
nounced in his memory at a meeting of members of the bar of the 
Supreme Court on December 10, 1910, and at the session of the 
Supreme Court on January 3, 1911. 

The Board of Eegents of the Smithsonian Institution expressed 
their sorrow in the following words of tribute adopted at the annual 
meeting of the board on December 8, 1910 : 

Whereas the Board of Regents of the Smithsonian Institution have received 
the sad intelligence of the death, on July 4, 1910, of Melville Weston Puller, 
Chief Justice of the United States, and for twenty-two years chancellor of the 
Institution : Therefore be it 

Resolved, That we desire here to record our profound sorrow at the severing 
of the tie that has bound us to him for so long a period of honored service; 
that we feel keenly the loss of a wise presiding officer, whose vast store of 
learning and gracious dignity have proved so invaluable in the deliberations 
of this board, and whose loyal interest in the Smithsonian Institution has been 
a source of inspiration to his colleagues. 

Resolved, That we share in the grief of the Nation at the passing away of 
one who was at once a distinguished leader of the greatest legal tribunal of 
our land, an eminent jurist, a patriotic citizen, a shining example of Christian 
gentleness, and who also possessed so charming a personality as a man and as 
a friend. 

Resolved, That we respectfully tender to the members of the family of our 
late associate our sineerest sympathy in their great bereavement. 

Resolved, That an engrossed copy of these resolutions be ti*ansmitted to the 
family of the late chancellor. 

Eespectfully submitted, 

Charles D. Walcott, Secretary. 



Appendix I. 

REPORT ON THE UNITED STATES NATIONAL MUSEUM. 

SiE : I have the honor to submit the following report on the operations of the 
United States National Museum for the fiscal year ending June 30, 1011 : 

COMPLETION AND OCCUPATION OP THE NEW BUILDING. 

It is gratifying to be able to report the completion of all structural work on 
the new building for the Museum on June 20, 1911, just six years after the 
excavations for its foundations were commenced. While the time limit orig- 
inally estimated was somewhat exceeded on account of delays in the fulfillmeni; 
of certain contracts, the work was purposely conducted slowly in order to 
insure entire stability and permanency of construction, which it is confidently 
believed have been secured. The building is massive and imposing in appear- 
ance, a notable addition to the group of Government structures at the Capital, 
and has already been proved to be admirably adapted to the purposes for 
which it was designed. 

There is comparatively little room in the building that can not be utilized. 
Of the approximately 10 acres of floor space which it contains, fully one-half 
has been allotted to the public in the interest of popular education. The other 
half, after deducting the area required for the maintenance and operation of the 
building, is assigned to the storage of the reserve collections and to the labora- 
tories. The occupation of the building did not await its final completion, but 
was begun during the summer of 1909, and has been continued as rapidly as 
the necessary furniture could be provided. 

The work done on and in connection with the building during last year com- 
prised the finishing of the rotunda, the south approaches, and the auditorium ; 
the painting of the interior plastered waUs and ironwork; and, under the 
direction of the officer in charge of public buildings and grounds, the grading 
and sodding of the grounds immediately surrounding the building and the 
construction of roads and walks leading to the several entrances. 

By the close of the year essentially all of the reseiwe collections and all of 
the laboratories of the several divisions of anthropology, zoology, geology, and 
paleontology had been established in the new building, as had also most of 
the administrative offices which are to be located there. The collections had, 
moreover, been nearly all arranged in a manner convenient for study and 
reference, and in greater part had received their permanent systematic installa- 
tion. Much remains to be done, however, in perfecting this arrangement and 
in completing the catalogues and indexes. 

The exhibition collections had also been moved with the exception of the 
American mammals, the birds, the marine in vertebra tes, the osteologieal speci- 
mens, the fossil plants, the building stones, the gems, and a small section of 
ethnology. The only public installations that had been completed in the new 
building, besides the paintings of ihe National Gallery of Art, were, however, 
of ethnology, which occupied the sides and ends of the middle hall on the 
26 
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main floor, and most of the two adjacent ranges. To tliese halls in greater or 
less part the public had been admitted from March IT, 1910, when the building 
was first opened. Work was actively progressing in the preparation of the 
exhibits for all of the other branches, the delays being due in large measure 
to the slow rate at which furniture was supplied, and had been well advanced 
for archeology, mineralogy, and the fossil vertebrates. 

ADDITIONS TO THE COLLECTIONS. 

The permanent acquisitions received during the year comprised approxi- 
mately 228,642 specimens and objects, of which 204,540 were of animals and 
plants, 6,647 were, geological and paleontological, 17,361 belonged to the several 
divisions included in the department of anthropology, and 94 were paintings 
and engravings presented to the National Gallery of Art. In addition, 1,629 
objects of art and anthropology were accepted as loans for exhibition. 

One of the most important accessions of the year resulted from an investi- 
gation in Argentina, conducted under the auspices of the Smithsonian Insti- 
tution by Dr. Ale§ HrdliCka, curator of physical anthropology, partly in con- 
junction with Mr. Bailey Willis as geologist, for the purpose of determining 
the nature and value of the evidence relating to man’s antiquity in that 
country. The skeletal and archeological remains attributed to early man or 
his forerunners preserved in the museums were studied, the more important 
localities where such remains have been discovered were visited, and on the 
journey to and from Argentina short stops were made in Brazil, Bern, 
Panama, and Mexico, Some 3,400 ancient crania, 6,000 long and other bones, 
and 1,500 archeological objects of human manufacture composed the collec- 
tion brought to Washington. A large number of prehistoric utensils, im- 
plements, ornaments, examples of weaving, etc., obtained by Dr. J. W. Fewkes 
during excavations in the Navaho National Monument and at the ancient 
Hopi pueblo of Wnkoki at Black Falls, Little Colorado Kiver, Arlz., were 
transferred by the Bureau of American Ethnology. Collections of a similar 
character, but including ancient human crania and skeletons, from the north- 
eastern pueblo region of New Mexico, were received from the School of 
American Archgeology of the Archaeological Institute of America, at Santa Fe, 
and a valuable series of skulls and skeletons from Arkansas and Mississippi 
was presented by Mr. Clarence B. Moore. 

Two interesting ethnological collections, one from Liberia the other from 
Abyssinia, were lent for exhibition by Mr. George W. Ellis, jr., and Mr. Hofl- 
man Philip, respectively, and a number of specimens relating to the Indians 
of North America were acquired by gift and purchase. 

The final shipments from the Smithsonian African expedition, which arrived 
in the early part of the year, contained several thousand specimens of mammals, 
birds, reptiles, fishes, and mollusks. The notable collection of mammals 
belonging to Dr. C. Hart Merriam and consisting of about 5,800 skins, 6,000 
skulls, and 100 complete skeletons, was secured through the generosity of Mrs. 
Edward H. Harriman, of New York, by whom it was purchased and donated 
to the Institution. The other principal additions of mammals were from 
British Bast Africa, Abyssinia, and China ; while of birds the more important 
contributions were from North and Central America, the Philippine Islands, 
and China. The United States Biological Survey and the United States 
Bureau of Fisheries transmitted many reptiles from various t>arts of the 
United States and Mexico, and the latter also an interesting series from the 
Philippines. The fishes received were mainly from explorations by the Bureau 
of Fisheries in the eastern part of the United States. Large numbers of 
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insects were dei}osited by the Bureau of Entomology, and important collections 
of byraenoptera were presented by Mr. S. A. Rohwer and Mr. P. B. Myers. 

An especially noteworthy accession consisted of the collection of mollusks 
made in Alaska by Dr. William H. Dali while in the field for the United 
States Coast and Geodetic Survey, and later for the United States Geological 
Survey, between 1871 and 1899. It comprises about 15,000 lots and 50,000 
specimens, and is undoubtedly the largest collection of the shells of moderate 
depths of water that has ever been assembled from that region. Another 
extensive contribution of mollusks, consisting of many thousands of Japanese 
specimens, was obtained from the Imperial University of Tokyo. Important 
type collections, recently described, of isopod crustaceans, medusae, hydroids, 
and siphonophores, from explorations by the steamer Albatross in the Pacific 
Ocean and at the Philippine Islands, were transferred by the Bureau of 
Fisheries. Decapod crustaceans, representing a large number of species, were 
received from the Indian Museum at Calcutta; many isopods from several 
French explorations, including the Charcot expedition to the xVntarctic Ocean, 
were obtained from the Musdum d’PIistoire Naturelle at Paris; and an inter- 
esting series of recent crinoids was secured from the Zoological Museum at 
Copenhagen. 

The collection of plants was increased by over 38,000 specimens, of which 
the largest contributions were from the biological survey of the Panama Canal 
Zone and tlie Department of Agriculture, though many specimens were obtained 
from the Bureau of Fisheries, and by gift and exchange. On the biological 
survey of the Canal Zone, which is being carried on under the auspices of the 
Smithsonian Institution, the Museum was represented during the year by one 
member of its staff, Mr. W. B. Maxon, assistant curator of plants. Mr. Maxou 
spent about two and one-half months in the field, working in conjunction with 
Mr. Henry Pittier, who is in charge of the botanical investigations, and in 
view of the richness of the region the exploration yielded exceedingly important 
results. Dr. J. N. Bose, associate curator of plants, and Dr. Paul Bartsch, 
assistant curatcfr of mollusks, were members of an expedition by the Bureau 
of Fisheries steamer Albatross^ which visited Guadaloupe Island, proceeded 
down the outer coast of Lower California and ascended the Gulf of California 
for a considerable distance. Valuable series of marine animals and of plants 
were secured, the former mostly by means of dredging, the latter during 
stops made along the coast. 

The accessions in geology and mineralogy from the Geological Survey and 
other sources contained much interesting material and a number of type 
specimens. Especially important were several type series of Cambrian fossils 
described by Dr. Charles D. Walcott, and included in the noteworthy discoveries 
resulting from his recent explorations in British Columbia. Investigations in 
Kentucky and Tennessee by Dr. B. S. Bassler and Mr. Frank Springer yielded 
valuable collections of Silurian and Mississippian fossils. In vertebrate 
paleontology the more important additions consisted of mammalian and rep- 
tilian remains obtained in exchange. 

An interesting series of articles of nickel produced by the late Joseph Whar- 
ton, of Philadelphia, who was recognized as the leader in the technology of 
this metal, was received as a donation from the executors of his estate. 
This collection, which had been preserved by Mr. Wharton in a cabinet at his 
home, comprises over 60 pieces, including pure nickel in several forms, harness 
and door trimmings, household utensils, forceps, magnetic needles, coinage 
blanks, etc., and is of much historical value. 

The historical collection was greatly enriched, mainly by loans, and, by 
extending the exhibition space into a second hall, its installation has been much 



REPOUT OP THE SECRETABY. 


29 


improved. Rear Admiral R. E. Peary, United States Navy, retired, deposited 
the many medals conferred upon him by various geographical societies in rec- 
ognition of his service to science in arctic exploration; the silver model of a 
ship and three loving cups presented to him; and two of the flags that he 
carried to the North Pole in 1909 ; all of which have been arranged together in 
a single case. Important additions to the collection of memorials of the 
Bailey-Myers-Mason family were received from Mrs. Julian James; valuable 
memorials of the Salter and Codwise families of colonial and revolutionary 
New York and New Jersey were lent by Miss Louise Salter Codwise ; and inter- 
esting relics of the Schenck family of New Jersey dating back three generations 
were contributed by Dr. Clara S. Ludlow. The Gustavus Yasa Pox collection 
of Russian memorials was materially increased, and 11 pieces of furniture 
that once belonged to Gen. Rufus Putnam were received as a gift from his 
great-grandson, the late Judge E. M. P. Brister. An inhaler of the type used 
by Dr. William T. G. Morton in 1846, in the first operation which he performed 
with the use of ether as an anesthetic, and two busts of Dr. Morton were 
presented. 

NATIONAL GALLEET OF ABT. 

The paintings of the National Gallery of Art continue to be exhibited in the 
large middle hall of the new building, the central part of which was specially 
fitted up for the purpose in 1910. While these quarters are already too re- 
stricted for the needs of the Gallery, the excellent lighting of this space makes 
possible an entirely satisfactory installation, which has attracted much 
attention. 

Mr. William T. Evans, of New York, added 13 canvases to his notable collec- 
tion of the works of contemporary American painters, which now comprises 127 
pictures representing 90 artMs. Mr. Evans also presented 81 examples of a 
series of 100 proofs designed to Illustrate the work of the foremost American 
wood engravers, which he announced some lime ago his intention to contribute. 
Mr. Charles L. Freer, whose important gift to the Nation of American and ori- 
ental art still remains in his keeping at Detroit, Mich., secured many valuable 
additions for his collection during an extended trip abroad, much of which was 
spent in China. The Gallery was fortunate in obtaining several interesting 
loans, including numerous examples of the paintings of early masters, and 
contributed to a number of important exhibitions held in other cities. 

ART TEXTILES. 

The loan collection of laces and other art textiles, which occupies one of the 
northern ranges in the older Museum building, was very largely increased 
both numerically and in the variety of its contents. Thirty-two loan contri- 
butions and three gifts, comprising 249 specimens, many of great beauty and 
value, brought the total number of specimens on exhibition up to 1,007. The 
supervision of the collection has been continued by Mrs. James W. Rinehot, 
to whose initiative and subsequent efforts, with the active cooperation of a 
number of ladies of Washington, the movement owes its success. 

MISCELLANEOUS. 

Of duplicate specimens taken from the collections, over 3,000, principally of 
recent animals and fossils, were distributed to schools and colleges, and about 
23,500 were used in making exchanges. Approximately 24,600 specimens of 
various kinds were sent for study to specialists both in this country and abroad, 
mainly to be worked up and identified for the Museum, 



30 


ANNUAL EEPOET SMITHSONIAK IKSTITUTION, 1911. 


Tile total number of visitors to the older Museum building was 207,010, to 
the Smithsonian building 167,085, and to the new Museum building 151,112. 
Considering that the buildings have been opened only during working hours 
on week days, this is to be regarded as a fair attendance. That it was smallest 
at the new building was owing to the fact that less than one-sixth of the 
exhibition space had been made ready for the public. 

The publications issued comprised the annual report for 1910, two volumes 
of Proceedings, five bulletins, one volume of Contributions from the National 
Herbarium, and a large number of separate papers belonging to three nnfin' 
ished volumes of Proceedings and two of Contributions, With the exception 
of the annual report, all were descriptive of material in the Museum collections. 
The number of copies of the various publications distributed was over 110,000. 

By the addition of 6,127 books, pamphlets, and periodicals, the Museum 
library was increased to 40,211 volumes and 66,074 unbound publications. 

The auditorium in the liew building was used on several occasions for meet- 
ings of important scientific bodies. The sessions of the First American Inter- 
national Humane Congress, in connection with which an interesting exhibit 
was installed, were also held here from October 10 to 15, 1910. 

The position of head curator of the department of biology, made vacant by 
the designation of Dr. F. W. True as an Assistant Secretary of the Institution 
on June 1, was filled by the appointment of Dr. Leonhard Stejneger, curator 
of reptiles and batrachians. For convenience of administration, the divisions 
of invertebrate paleontology, vertebrate paleontology, and paleobotany were 
combined, under the title of sections, in a single division of paleontology, with 
Dr. R. S. Bassler as curator. 

Respectfully submitted. 

Richabd Rathbitn, 

Assistant Secretary in Cha^e, U. 8. Naiioml Museum, 

Dr. Chables D. Walcott, 

Secretary of the Smithsonian Institution, 

Novembeb 18, 1911. 
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RBPOIIT ON THE BUREAU OE AMERICAN ETHNOLOGY. 

Sib : I Lave the honor to present the following report on the operations of the 
Bureau of American Ethnology during the fiscal year ending June 80, 1911, con- 
ducted in accordance with the provisions of the act of Congress approved June 
25, 1910, authorizing the continuation of ethnological researches among the 
American Indians and the natives of Hawaii, under the direction of the Smith- 
sonian Institution, and in accordance with the plan of operations approved by 
the Secretary June 15, 1910. 

The systematic ethnological researches of the bureau were continued during 
the year with the regular scientific staff, consisting of nine ethnologists, as 
follows: Mr. P. W. Hodge, ethnologist in charge; Mr. James Mooney, Dr. 
J. Walter Fewkes, Mrs. Matilda Coxe Stevenson, Mr. J. N. B. Hewitt, Dr. John R. 
Swanton, Dr. Truman Michelson, Dr. Paul Radin, and Mr. Francis La Flesche. 
In addition the services of several specialists in their respective fields were 
enlisted for special work, as follows: 

Dr. Franz Boas, honorary philologist, with several assistants, for research in 
connection with the preparation and publication of the Handbook of American 
Indian Languages. 

Miss Alice 0. Fletcher and Mr. Francis La Flesche, for the final revision of 
the proofs of their monograph'^^oD the Omaha Indians for publication in the 
twenty-seventh annual report. * 

Miss Frances Densmore, for researches in Indian music. 

Mr. J. P. Dunn, for studies of the tribes of the Middle West. 

Mr. John P. Harrington, for researches among the Mohave Indians of the 
Colorado Valley. 

Rev. Dr. George P. Donehoo, for investigations in the history, geography, and 
ethnology of the tribes of Pennsylvania for incorporation in the Handbook of 
American Indians. 

Mr. William R. Gerard, for studies of the etymology of Algonquian place 
and tribal names and of terms that have been incorporated in the English 
language for use In the same work. 

Prof. H, M, Ballou, for bibliographic research in connection with the com- 
pilation of the List of Works Relating to Hawaii. 

Mr. James R. Murie, for researches pertaining to the ethnology of the Pawnee 
Indians. 

The systematic ethnological researches by members of the regular staff of 
the bureau may be summarized as follows: 

Mr. F. W. Hodge, ethnologist in charge, in addition to conducting tbe admin- 
istrative work of the bureau, devoted attention, with the assistance of Mrs. 
Frances S. Nichols, to the final revision of the remaining proofs ci Part 2 of the 
Handbook of American Indians (Bulletin SO), which was published in January, 
1911. This work met with such great popular demand that the edition of 
the two parts became exhausted immediately after publication, causing the 
bureau much embarrassment owing to the thousands of requests that it has 
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not been possible to supply. To meet this need in part, the Senate, on May 12, 
adopted a concurrent resolution authorizing the reprinting of the entire hand- 
book, and at the close of the fiscal year the resolution was under consideration 
by the Committee on Printing of the House of Representatives. The Superin- 
tendent of Documents has likewise been in receipt of many orders for the work, 
necessitating the reprinting of part 1 some mouths after its appearance, and 
about the close of the fiscal jesLV another reprint of this part was contemplated. 
Much material for incorporation in a revised edition for future publication was 
prepared during the year, but lack of funds necessary for the employment of 
special assistants prevented the prosecution of this work as fully as was desired. 

The bureau has been interested in and has conducted archeological explora- 
tions in the Pueblo region of New Mexico and Arizona for many years. Since 
the establishment of the School of American Archseology in 1907, following the 
revival of interest in American archeology, by the Archaeological Institute of 
America, that body likewise commenced systematic work in the archeology of 
that great region. In order to avoid duplication of effort, arrangements were 
made between the bureau and the school for conducting archeological investiga- 
tions in cooperation, the expense of the field work to be borne equally, a moiety 
of the collections of the artifacts and all the skeletal remains to become the 
property of the National Museum, and the bureau to have the privilege of the 
publication of all scientific results. 

Active work under this joint arrangement was commenced in the Rito de los 
Frijoles, northwest of Santa F4, New Mexico, in July, 1910, work having 
already been initiated there during the previous summer by the school inde- 
pendently, under the directorship of Dr. Edgar L. Hewett In August, 1910, 
Mr. Hodge visited New Mexico for the purpose of participating in the work on 
the part of the bureau, and remained in the field for a month. 

The great prehistoric site in the Rito de los Frijoles is characterized by an 
immense circular many-celled pueblo ruin, most of the stone walls of which 
are still standing to a height of several feet, and a series of cavate dwellings 
hewn in the soft tufa throughout several hundred yards of the northern wall 
of the canyon. Accompanying the great community ruin and also the cavate 
dwellings are underground kivas, or ceremonial chambers. In front of the 
cavate lodges were originally structures of masonry built against the cliff and 
forming front rooms, but practically the only remains of these are the founda- 
tion walls and the rafter holes in the cliff face. The debris covering these 
structures has been largely cleared away and the foundations exposed, and the 
walls of about two-thirds of the great pueblo structure in the valley have been 
bared by excavation. At tbe western extremity of the canyon, far up in the 
northern wall, is a natural cavern, known as Ceremonial Cave, in which are a 
large kiva, remarkably well preserved, and other interesting remains of aborig- 
inal occupancy. This great archeological site in the Rito de los Frijoles is 
important to the elucidation of the problem of the early distribution of the 
Pueblos of the Rio Grande Valley, and there is reason to believe that when 
the researches are completed much light will be shed thereon. There is a 
paucity of artifacts in the habitations uncovered, aside fronj stone implements, 
of which large numbers have been found. 

At the close of the work in the Rito de los Frijoles the joint expedition pro- 
ceeded to the valley of the Jemez River, near the Hot Springs, where a week 
was spent in excavating the cemetery of the old Jemez village of Giusiwa. 
About SO burials were disinterred here, and a few accompaniments of pottery 
vessels and other artifacts were recovered; but in the main the deposits had 
been completely destroyed by aboriginal disturbance, caused in part by cover- 
ing the burials with heavy stones and partly by displacing the skeletons pre- 
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vlously buried wBen subsequent interments were made. Giusiwa was inhabited 
in prehistoric times and also well within the historical period, as is attested 
by its massive, roofless church, built about the beginning of the seventeenth 
century. Nevertheless, no indication of Spanish influence was found in the 
ancient cemetery, and it is assumed that burial therein ceased with the com- 
ing of the missionaries and the establishment of the campo santo adjacent to the 
church. All collections gathered at Giusiwa have been deposited in the National 
Museum. 

Other immense ruins on the summits of the mesas bounding the valley on the 
west were examined with the view of their future excavation. The exact posi- 
tion of the Jemez tribe among the Pueblo peoples is a problem, and both 
archeological and ethnological studies thereof are essential to its determination. 

On completing this reconnoissance excavation was conducted in a cemetery at 
the great stone pueblo of Puye, on a mesa 8 miles west of the Tewa village of 
Santa Clara. About 50 burials were exhumed and sent to the National Museum, 
but artifacts were not found in abundance here, and as a rule they are not ex- 
cellent in quality. In the joint work in the Rito de los Prijoles the expedition 
was fortunate in having the cooperation of Prof. Junius Henderson and Prof. 
W. W. Robbins, of the University of Colorado at Boulder, who, respectively, 
while the excavations were in progress, conducted studies in the ethno-zoology 
and the ethno-botany of the Tewa Indians, and also on the influence of climate 
and geology on the life of the early inhabitants of the Rito de los Frijoles. At 
the same time Mr. J. P. Harrington continued his researches in Tewa geo- 
graphic nomenclature and cooperated with Professors Henderson and Robbins in 
supplying the native terms for plants and animals used by these Indians as 
food and medicine in ceremonies and for other purposes. The expedition was 
also fortunate In having the services of Mr. Sylvanus G. Morley in connection 
with the excavations in the Rito, of Mr. K. M. Chapman in the study of the 
decoration of the pottery and of the pictographs of the entire upper Rio Grande 
region, of Mr. Jesse L. Nusbaum in the photographic work, and of Mr. J. P. 
Adams in the surveying. Valued aid was also rendered by Messrs. Neil M. Judd, 
Donald Beauregard, and Nathan Goldsmith. 

The scientific results of the Joint research are rapidly nearing completion and 
will be submitted to the bureau for publication at an early date. 

Throughout almost the entire year Mr. James Mooney, ethnologist, was oc- 
cupied in the office in compiling the material for his study of Indian population 
covering the whole territory north of Mexico from the first white occupancy 
to the present time. By request of the Nebraska State Historical Society he 
was detailed in January, 1911, to attend the joint session of that body and the 
Mississippi Valley Historical Association, at Lincoln, Nebraska, where he de- 
livered three principal addresses bearing particularly on the method and results 
of the researches of the bureau with the view of their application in local his- 
torical and ethnological investigations. 

On June 4 Mr. Mooney started for the reservation of the Hast Cherokee in 
North Carolina to continue former studies of the sacred formulas and general 
ethnology of that tribe, and was engaged in this work at the close of the month. 

At the beginning of the fiscal year Dr. J. Walter Pewkes, ethnologist, was in 
northern Arizona examining the great cave pueblos and other ruins within 
the Navaho National Monument. He found that since his visit in 1909 con- 
siderable excavation had been done by others in the rooms of Betatakin, and 
that the walls of Kitsiel, the other large cliff ruin, were greatly in need of re- 
pair. Guided by resident Navaho, he visited several hitherto undescribed cliff 
dwellings and gathered a fairly good collection of objects illustrating prehistoric 
culture of this part of northern Arizona, which have been deposited in the 
38734°— SM 1911 3 
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National Museum. In order to faciliate the archeological work and to make the 
region accessible to students and visitors it was necessary to break a wagon road 
from Marsh Pass through the middle of the Navaho National Monument to the 
neighborhood of Betatakin, and by this means the valley was traversed with 
wagons for the first time. 

On the return journey to Flagstaff, Dr. Fewkes visited the ruins in Nitsi, or 
West Canyon, and examined Inscription House, a prehistoric cliff dwelling of 
considerable size, hitherto undescribed, the walls of which are built of loaf- 
shaped adobes strengthened with sticks. On account of the size and great 
interest of these ruins, it is recommended that the area covered thereby be 
included in the Navaho National Monument and the rums permanently pre- 
served, and that either Betatakin or Kitsiel be excavated, repaired, and made 
a “type ruin” of this culture area. Along the road to Flagstaff from West 
Canyon, Dr. Fewkes observed several ruins and learned of many others 
ascribed to the ancient Hopi, He visited the Hopi pueblo of Moenkopi, near 
Tuba, and obtained considerable new ethnological material from an old priest 
of that village regarding legends of the clans that formerly lived in northern 
Arizona. He learned also of a cliff, or rock, covered with pictographs of Hopi 
origin, at Willow Spring, not far from Tuba, the figures of which shed light 
on Hopi clan migration legends. 

Betnrning to Flagstaff, Dr. Fewkes reoutfitted in order to conduct investiga- 
tions of the ruins near Black Falls of the Little Colorado Biver, especially the 
one called Wukoki, reputed to have been the -last habitation of the Snake 
clans of the Hopi in their southern migration before they finally settled near 
the East Mesa. A little more than a month was spent at these ruins, during 
which time extensive excavations were made in numerous subterranean rooms, 
or pit dwellings, a new type of habitations found at the bases of many of the 
large ruined pueblos on the Little Colorado. Incidentally several other pueblo 
ruins, hitherto unknown, with accompanying reservoirs and shrines, were ob- 
served. The excavations at Wukoki yielded about 1.800 specimens, consisting 
of painted pottery, beautiful shell ornaments, stone implements, basketry, 
wooden objects, cane “cloud blowers,” prayer sticks, a prayer-stick box, an 
idol, and other objects. The results of the excavations at Wukoki will be in- 
corporated in a forthcoming bulletin on Antiquities of the Little Colorado 
Basin. 

On the completion of his work at the Black Falls ruins, Dr. Fewkes returned 
to Washington in September and devoted the next three months to the prepara- 
tion of a monograph on Casa Grande, Arizona. 

At the close of January, 1911, Dr. Fewkes again took the field, visiting Cuba 
for the pui-pose of gathering information on the prehistoric inhabitants of that 
island and their reputed contemporaneity with fossil sloths, sharks, and croco- 
diles. A fortnight w^as devoted to the study of collections of prehistoric ob- 
jects in Habana, esi}ecially the material in the University Museum from caves 
in Puerto Principe Province, described by Drs. Monton^ and Carlos de la Torre. 
With this preparation he proceeded to the Isle of Pines and commenced work 
near Nueva Gerona. In this island there are several caves from which human 
bones have been reported locally, but the Gueva de los Indies, situated in the 
hills about a mile from the city named, promised the greatest reward. A 
week’s excavation in this cave yielded four fragments of Indian skulls, not 
beyond repair; one undeformed, well-preserved, human cranium; and many 
fragments of pelves, humeri, and femora. The excavations in the middle of 
the cave indicated that the soil there had previously been dug over; these 
yielded little of value, the best-preserved remains occurring near the entrance, 
on each side. The skulls were arranged in a row within a pocket sheltered by 
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an overhanging side of the cave, and were buried about 2 feet in the guano and 
soil ; beneath these crania were human long-bones, crossed. Several fragments 
of a single skull or of several skulls were embedded in a hard stalagmitic 
formation over the deposit of long-bones. No Indian implements or pottery 
accompanied the bones, and no fossils were found in association with them. So 
far as recorded this is the first instance of the finding of skeletal remains of 
cave man in the Isle of Pines. Their general appearance and mode of burial 
were the same as in the case of those discovered by Brs. Monton§ and Carlos 
de la Torre. 

Dr. Fewkes also examined, in the Isle of Pines, about 30 structures known 
as cacimbas, their Indian name. These are vase-shaped, subterranean recep- 
tacles, averaging 6 feet m depth and 4 feet in maximum diameter, generally 
constricted to about 2 feet at the neck, and with the opening level with the 
surface of the ground. Although these cacimbas are generally ascribed to the 
Indians, they are thought by some to be of Spanish origin, and are connected 
by others with buccaneers, pirates, and slavers. They are built of masonry or 
cut in the solid rock; the sides are often plastered and the bottoms commonly 
covered with a layer of tar. On the ground near the openings there is gener- 
ally a level, circular space, with raised periphery. The whole appearance sup- 
ports the theory that these structures were used in the manufacture of turpen- 
tine or tar, the circular area being the oven and the cacimba the receptacle for 
the product. 

Dr. Fewkes found that the Pineros, or natives of the island, employ many 
aboriginal terms for animals, plants, and places, and in some instances two 
Indian words are used for the same object. An acknowledged descendant of 
a Cuban Indian explained this linguistic duality by saying that the Indians 
of the eastern end of the Isle of Pines spoke a dialect different from those of 
the western end, and that when those from Camaguey, who were Tainan and 
of eastern Cuban origin, came to the Isle of Pines at the instance of the Spanish 
authorities they brought with them a nomenclature different from that then 
in use, on that island. 

Several old Spanish structures of masonry, the dates of which are unknown, 
were also examined in the neighborhood of Santa Fe, Isle of Pines. The roof 
of a cave at Punta de Este, the southeastern angle of the island, bears ab- 
original pictographs of the sum and other objects, suggesting that it is com- 
parable with the cave in Haiti, in which, in Indian legend, the sun and the 
moon originated and from which the races of man emerged. 

Dr. Fewkes has now collected sufficient material in Cuba to indicate that its 
western end, including the Isle of Pines, was once inhabited by a cave-dwelling 
people, low in culture and without agriculture. His observations support the 
belief that this people were in that condition when Columbus visited the Isle of 
Pines and that they were survivors of the Guanahatibibes, a cave-dwelling 
population formerly occupying the whole of Cuba and represented in Porto 
Rico and other islands of the West Indies. 

Dr. Fewkes also visited several of the coral keys southwest of Isle of Pines, 
but, finding no aboriginal traces, he crossed the channel to Cayman Grande, 
about 250 miles from Nueva Gerona. The Cayman group consists of coral 
islands built on a submarine continuation of the mountains of Santiago 
Province, Cuba, A cave with Indian bones and pottery, probably of Oarib 
origin, was found near Boddentown on the eastern end of the island, and a 
few stone implements were obtained from natives, but as these specimens may 
have been brought from adjacent shores they afford little evidence of a former 
aboriginal population of Cayman Grande. The elevation of the Cayman 
Islands, computed from the annual accretion, would indicate that Cayman 
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Grande was a shallow reef when Columbus visited Cuba, and could not have 
been inhabited at that time. The discoverer passed very near it on his second 
voyage, when his course lay from the Isle of Pines to Jamaica, but he reported 
xieither name nor people. 

Dr. Fewkes returned to Washington in April and spent the remainder of the 
year in completing his report on Casa Grande. 

Dr. John E, Swanton, ethnologist, devoted the first quarter of the year 
chiefly to collecting material from libraries and archives, as the basis of his 
study of the Creek Indians. Prom the latter part of September until early in 
December he was engaged in field research among the Creek, Natchez, Tonka wa, 
and Alibamu Indians in Oklahoma and Texas, and also remained a short time 
with the remnant of the Tunica and Chitimacha in Louisiana, and made a few 
side trips in search of tribes which have been lost to sight within recent years. 
On his return to Washington, Dr. Swanton transcribed the linguistic and 
ethnologic material collected during his field excursion, read the proofs of 
Bulletins 44, 46, and 47, added to the literary material regarding the Creek 
Indians, collected additional data for a tribal map of the Indians of the United 
States, and initiated a study of the Natchez language with the special object 
of comparing it with the other dialects of the Muskhogean family. Dr. Swan- 
ton also spent some time in studying the Chitimacha and Tunica languages. 

From July, 1910, until the middle of April, 1911, Mrs. M. C. Stevenson, 
ethnologist, was engaged in the completion of a paper on Dress and Adorn- 
ment of the Pueblo Indians, in the elaboration of her* report on Zufii Plants 
and Their Uses, and in transcribing her field notes pertaining to Zufii religious 
concepts and the mythology and ethnology of the Taos Indians. 

Mrs. Stevenson left Washington on April 12 and proceeded directly to the 
country of the Tewa Indians, in the valley of the Rio Grande in New Mexico, 
for the purpose of continuing her investigation of those people. Until the close 
of the fiscal year her energies were devoted to the pueblo of San Ildefonso and 
incidentally to Santa Clara, information particularly in regard to the Tewa 
calendar system, ceremonies, and material culture being gained. Mrs. 'Steven- 
son finds that the worship of the San Ildefonso Indians includes the same 
celestial bodies as are held sacred by the ZuSi and other Pueblos. From the 
foundation laid during her previous researches among the Tewa, Mrs. Steven- 
son reports that she has experienced little difficulty in obtaining an insight 
into the esoteric life of these people, and is daily adding to her store of 
knowledge respecting their religion and sociology. A complete record of 
obstetrical practices of the Tewa has been made, and it is found that they are 
as elaborate as related practices of the Taos people. The San Ildefonso in- 
habitants do not seem to have changed their early customs regarding land 
tenure, and they adhere tenaciously to their marriage customs and birth rites, 
notwithstanding the long period during which missionaries have been among 
them. It is expected that, of her many lines of study among the Tewa tribes, 
the subject of their material culture will produce the first results for publi- 
cation. 

After completing some special articles on ethnologic topics for the closing 
pages of Part 2 of the Handbook of American Indians, Mr. J. N. B. Hewitt, 
ethnologist, pursued the study of the history of the tribes formerly dwelling 
in the Susquehanna and upper Ohio valleys. Progress in these researches was 
interrupted by the necessity of assigning him to the editorial revision and 
annotation of a collection of 120 legends, traditions, and myths of the Seneca 
Indians, recorded in 1884 and 1885 by the late Jeremiah Curtin. At the close 
of the year this work was far advanced, only about 150 pages of a total of 
1,400 pages remaining to be treated. It is designed to publish this material. 
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with Mr. Hewitt's introduction, notes, and explanatory matter, in a fortli> 
coining annual report. As opportunity afforded, Mr. Hewitt also resumed tlie 
preparation of Ms sketcli of tlie grammar of the Iroquois for incorporation in 
the Handbook of American Indian Languages. 

As in previous years, Mr. Hewitt prepared and collected data for replies to 
numerous correspondents requesting* special information, particularly in regard 
to the Iroquois and Algonquian tribes. Mr. Hewitt also had charge of the 
important collection of 1,716 manuscripts of the bureau, cataloguing new acces- 
sions and keeping a record of those withdrawn in the progress of the bureau’s 
researches. During the year, 378 manuscripts were thus made use of by the 
members of the bureau and its collaborators. Exclusive of the numerous manu- 
scripts prepared by the staff of the bureau and by those in collaboration with 
It, referred to in this report, 12 items were added during the year. These 
pertain to the Pawnee, Chippewa, Zuni, and Tewa tribes, and relate to music, 
sociology, economics, and linguistics. 

The beginning of the ^seal year found Dr. Truman Michelson, ethnologist, 
conducting ethnological and linguistic investigations among the Piegan Indians 
of Montana, whence he proceeded to the Northern Cheyenne and Northern 
Arapaho, thence to the Menominee of Wisconsin, and finally to the Micmac of 
Restigouche, Canada — all Algonquian tribes, the need of a more definite lin- 
guistic classification of which has long been felt. Dr. Michelson returned to 
Washington at the close of November and immediately commenced the elaboration 
of his field notes, one of the results of which is a manuscript bearing tbe title 
“A Linguistic Glassification of the Algonquian Tribes,” submitted for publi- 
cation in the twenty-eighth annual report. Also in connection with his Algon- 
quian work Dr. Michelson devoted attention to the further revision of the 
material pertaining to the Fox grammar, by the late Dr. William Jones, the 
outline of which is incorporated in the Handbook of American Indian Lan- 
guages. During the winter Dr. Michelson took advantage of the presence in 
Washington of a deputation of Chippewa Indians from White Barth, Minne- 
sota, by enlisting their services in gaining an insight into the social organiza- 
tion of that tribe and also in adding to the bureau’s accumulation of Chippewa 
'linguistic data. Toward the close of June, 1911, Dr. Michelson proceeded to the 
Sauk and Fox Reservation in Iowa for the purpose of continuing his study of 
that Algonquian group. 

The months of July and August and half of September, 1910, were spent by 
Dr. Paul Radin, ethnologist, among tbe Winnebago Indians of Nebraska and 
Wisconsin, his efforts being devoted to a continuation of his studies of the 
culture of those people, with special reference to their ceremonial and social 
organization and their general social customs. Part of the time was devoted 
to a study of the Winnebago material culture, but little progress was made in 
tMs direction, as few objects of aboriginal origin are now possessed by these 
people, consequently the study must be completed by examination of their 
objects preserved in museums and private collectiona A beginning in this 
direction was made by Dr. Radin during the latter half of September and in 
October at the American Museum of Natural History, New Xork City. During 
the remainder of the fiscal year Dr. Radin was engaged in arranging the eth- 
nological material gathered by him during the several years he has devoted to 
the Winnebago tribe, and in the preparation of a monograph on the Medicine 
Ceremony of the Winnebago and a memoir on the ethnology of the Winnebago 
tribe in general. In June, 1911, he again took the field in Wisconsin for the 
purpose of obtaining the data necessary to complete the tribal monograph. 
Both these manuscripts, it is expected, wiil be finished by the close of the 
present calendar year. 
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By arrangement with the Commissioner of Indian Affairs the bureau was 
fortunate in enlisting the services of Mr. Francis La Flesche, who has been 
freanently mentioned in the annual reports of the bureau in connection with 
his studies, jointly with Miss Alice 0. Fletcher, of the ethnology of the Omaha 
tribe of the Siouan family. Having been assigned the task of making a com- 
parative study of the Osage tribe of the* same family, Mr. La Flesche pro- 
ceeded to their reservation in Oklahoma in September. The older Osage men, 
like the older Indians generally, are very conservative, and time and tact were 
necessary to obtain such standing in the tribe as would enable him to estab- 
lish friendly relations with those to whom it was necessary to look for trust- 
worthy information. Although the Osage language is similar to that of the 
Omaha, Mr. La Flesche’s native tongue, there are many words and phrases that 
sound alike but are used in a different sense by the two tribes. Having prac- 
tically mastered the language, Mr. La Flesche was prepared to devote several 
months to what is known as the No“'ho“ 2 hi“ga le'ta, the general term applied 
to a complex series of ceremonies which partake of the nature of degrees, but 
are not, strictly speaking, successive steps, although each one is linked to the 
other in a general sequence. While at the present stage of the investigation 
it would be premature to make a definite statement as to the full meaning and 
interrelation of these Osage ceremonies, there appear to be seven divisions of 
the No°'ho'^ 2 hi“ga le'ta, the names, functions, and sequence of which have been 
learned, but whether the sequence thus far noted is always maintained remains 
to be determined. From Saucy-Oalf, one of the three surviving Osage regarded 
as past masters in these ceremonies, phonographic records of the first of the 
ceremonies, the Waxo'be-aw^atho^ have been made in its entirety, consisting 
of 80 songs with words and music, and 7 prayers. All these have been tran- 
scribed and In part translated into English, comprising a manuscript exceed- 
ing ’800 pages. In order to dliscuss with the Osage the meaning of these rituals, 
Mr. La Flesche found it necessary to commit them to memory, as reading from 
the manuscript disconcerted the old seer. At Saucy-Calfs invitation Mr, 
La Flesche witnessed in the autumn, at Grayhorse, a performance of the cere- 
mony of the Waxo'he-awatho®, the recitation of the rituals of which requires 
one day, part of a night, and more than half of the following day. It is Mr. 
La Flesche’ s purpose to record, if possible, the rituals of the remaining six 
divisions of the No'^'ho^zhFga le'ta. He has already obtained a pharaphrase of 
the seventh ceremony (the Nik’ino“k*o“), and hopes soon to procure a phono- 
graphic record of all the rituals pertaining thereto. 

In connection with his ethnological work Mr. La Flesche has been so fortunate 
as to obtain for the National Museum four of the waxo'be, or sacred packs, each 
of which formed a part of the paraphernalia of the No“'ho“2hFga le'ta, as 
well as a waxo'be-to°'ga, the great waxo'be which contains the instruments for 
tattooing. Only those Osage are tattooed who have performed certain acts pre- 
scribed in the rites of the No“'ho“ 2 hFga le'ta. The rites of the tattooing 
ceremony are yet to be recorded and elucidated. While the waxo'be is the most 
sacred of the articles that form the paraphernalia of the No”'ho“zhi“ga le'ta 
rites, it is not complete in itself : other things are indispensable to tlieir per- 
formance, and it is hoped that these may be procured at some future time. 

While not recorded as one of the ceremonial divisions of the No”'ho“2hi®ga 
le'ta, there is a ceremony so closely connected with it that it might well be 
regarded as a part thereof— this is the Washa'beathP watsi, or the dance of the 
standards. The introductory part of this ceremony is called Akixage, or weep- 
ing over one another in mutual sympathy by the members of the two great 
divisions of the tribe. There is no regular time for the performance of the 
Washa'bealhi^n ceremony. It is given only when a member of the tribe loses 
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by deatli some specially loved and favored relative and seeks a ceremonial 
expression of sympathy from the entire tribe. It is the intention to procure 
the songs and rituals of this ceremony, and specimens of the standards 
employed in its performance. 

Altogether Mr. La Plesche has made excellent progress in his study of the 
Osage people, and the results are already shedding light on the organization 
and the origin and function of the ceremonies of this important tribe. 

The special researches of the bureau in the field of linguistics were conducted 
by Dr. Franz Boas, honorary philologist, one of the immediate and tangible 
results of which was the publication of Part 1 of the Handbook of American 
Indian Languages. It seems desirable to restate at the present time the 
development of the plan and the object of this work. 

Through the efforts of the late Maj. Powell and his collaborators a great 
number of vocabularies and a few grammars of American Indian languages 
had been accumulated, but no attempt had been made to give a succinct 
description of the morphology of all the languages of the continent. In order 
to do this, a series of publications was necessary. The subject matter had to 
be represented by a number of grammatical sketches, such as are now being 
assembled in the Handbook of American Indian Languages. To substantiate 
the inductions contained in this grammar, collections of texts are indispensable 
to the student, and finally a series of extended vocabularies are lequired. The 
plan, as developed between 1890 and 1900, contemplated the assembling in the 
bulletin series of the bureau of a senes of texts which wore to foriu the basis 
of the handbook. Of this series. Dr. Boas's Chinook, Km iv.riii'eL. an.i 'j <\h 
Texts, and Swanton’s Haida and Tlingit Texts, subsequently published, form a 
part, but at the time Swanton's Texts appeared it was believed by Secretary 
Langley that material of this kind was too technical in character to warrant 
publication in a governmental series. It was, therefore, decided to discontinue 
the text series in the bulletins of the bureau and to divert them to the Publica- 
tions of the American Ethnological Society and the Columbia University Con- 
tributions to Anthropology. Other series were commenced by the University 
of California and the University of Pennsylvania. The method of publication 
pursued at the present time, though different from that first planned, is 
acceptable, since all the material is accessible to students, and the bureau Is 
saved the expense of publication. 

Dr. Boas has been enabled to base all the sketches in the first volume of his 
handbook on accompanying text series, as follows : 

(1) Athapascan. Text published by the University of California. 

(2) Tlingit. Text published by the Bureau of American Ethnology, but too 
late to be used systematically. 

(3) Haida. Texts published by the Bureau of American Ethnology. 

(4) TsimsMan. Texts published by the Bureau of American Ethnology and 
the American Ethnological Society. 

(5) Ivwakiutl. Texts published by the Jesup Expedition and in the Colum- 
bia University series. 

(6) Chinook. Texts published by the Bureau of American Ethnology, 

(7) Maidu. Texts published by the American Ethnological Society, but too 
late to be used. 

(8) Algonquian. Texts published by the American Ethnological Society. 

(9) Sioux. Texts in Contributions to North American Ethnology. 

(10) Eskimo. Texts in Meddelelser om ^r0nland,” but not used system- 
atically. 

Although Dr. Boas has urged the desirability of undertaking the publication 
of the series of vocabularies, no definite steps^ have yet been taken toward the 



40 AKKUAL EEPOET SMITHSONIAK I^TSTITUTION^ 1911. 

realization of this plan, owing largely to lack of funds for the employment of 
assistants in preparing the materials. It is hoped, however, that such a series 
of vocabularies, based on the published grammars and on the series of tests 
above referred to, may be prepared for publication in the near future. Much 
of the preliminary work has been done. There are, for example, extended 
manuscript dictionaries of the Haida, Tsimshian, Kwakiutl, Chinook, and Sioux, 
but none of them is yet ready for the printer. 

The work on Part 2 of the Handbook of American Indian Languages is pro- 
gressing satisfactorily. The sketch of the Takelma is in page form (pp. 1-296 ), 
but Dr. Boas has undertaken the correlation of this sketch with the Takelma 
Texts which meanwhile have been published by the University of Pennsylvania, 
and a considerable amount of work remains to be done to finish this revision. 
The Coos grammar is in galleys. The Coos Texts are at the present writing 
being printed by the American Ethnological ' Society, and here also references 
are being inserted. Dr. Leo J. Prachtenberg has continued his collection of 
material for the handbook with commendable energy and intelligence. The 
field work has been financially aided by Columbia University, partly through 
a gift made by Mrs. Henry Vlllard and partly through funds provided by Mr. 
Homer E. Sargent. It has also been possible to utilize for the work on the 
Alsea the collections made at a former time by Prof. Livingston Parrand on an 
expedition supported by the late Mr. Henry Villard. On his last expedition 
Dr. Prachtenberg was able to determine that the Siuslaw is an independent 
stock, although morphologically affiliated with the Alsea, Coos, and Siuslaw 
group. He also collected extensive material on the Alsea and Molala. 

The most important result, which is appearing more and more clearly from 
the investigations carried out under the direction of Dr. Boas, lies in the fact 
that it will be possible to classify American languages on a basis wider than 
that of linguistic stocks. In 1893 Dr. Boas called attention to the fact that 
a number of languages in northern British Columbia seem to have certain 
morphological traits in common, by which they are sharply differentiated from 
all the neighboring languages, although the evidence for a common origin of 
the stocks is unsatisfactory. Dr. Boas and his assistants have followed this 
observation, and it can now be shown that throughout the continent languages 
may be classed in wider morphological groups. It is interesting to note that 
phonetic groups may be distinguished in a similar manner, but these do not 
coincide with the morphological groups. These observations are in accord 
with the results of modern inquiries in Africa and Asia, where the infiiuence of 
Hamitic phonetics on languages of the Sudan and the influence of Sumerian 
on early Babylonian have been traced in a similar manner. Analogous con- 
ditions seem to prevail also in South Africa, where the phonetics of the Bush- 
man languages have influenced the neighboring Bantu languages. In this way 
a number of entirely new and fundamental problems in linguistic ethnography 
have been formulated, the solution of which is of the greatest importance for 
a clear understanding of the early history of the American Continent. 

The Handbook of American Indian Languages as planned at the present 
time deals exclusively with an analytical study of the morphology of each 
linguistic family, without any attempt at a detailed discussion of phonetic 
processes, their influence upon the development of the language, and the rela- 
tion of dialects. Dr. Boas recommends that the present Handbook of American 
Indian Languages be followed by a series of handbooks each devoted to a 
single linguistic stock, in which fhe development of each language, so far as it 
can be traced by comparative studies, should be treated. 

The study of aboriginal American music was conducted among the Chippewa 
Indians by Miss Frances Densmore, who extended her field of work previously 
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begun among that people and elaborated the system of analyzing their songs. 
After spending several weeks on the Lac du Flambeau Reservation in Wis- 
consin she accompanied the Chippewa from that reservation to the Menominee 
Reservation in the same State, where the Lac du Flambeau Chippewa cere- 
monially presented two drums to the 3fenominee. This ceremony was closely 
observed, photographs being taken and the speeches of presentation translated, 
and the songs of the ceremony were recorded by Miss Densmore on a phono- 
graph after the return of the drum party to Lac du Flambeau. Many of the 
songs are of Sioux origin, as the ceremony was adopted from that people ; con- 
sequently the songs were analyzed separately from those of Chippewa origin. 
Numerous old war songs were recorded at Lac du Flambeau, also songs said 
to have been composed during dreams, and others used as accompaniments 
to games and dances. The analytical tables published during the year in Bul- 
letin 45, Chippewa Music, have been combined by Miss Densmore with those of 
songs collected during the year 1910-11, making a total of 340 Chippewa songs 
under analysis. These are analyzed in 12 tables, showing the structure, tone 
material, melodic progression, and rhythm of the songs, the rhythm of the 
drum, the relation between the metric unit of the voice and drum, and other 
points bearing on the development and form of primitive musical expression. 
This material is now almost ready for publication. The Sioux songs of the 
drum presentation ceremony, similarly analyzed, constitute the beginning of 
an analytical study of the Sioux music, which will be continued and extended 
during the fiscal year 1911-12. 

Miss Alice 0. Fletcher and Mr. La Flesche conducted the final proof revision 
of their monograph on the Omaha tribe, to accompany the twenty-seventh 
annual report, which was in press at the close of the fiscal year. This memoir 
will comprise 658 printed pages and will form the most complete monograph 
of a single tribe that has yet appeared. 

Mr, J. P. Dunn, whose studies of the Algonquian tribes of the Middle West 
have been mentioned in previous reports^ deemed it advisable, before continu- 
ing his investigation of the languages of the tribes comprising the former 
Illinois confederacy, to await the completion of the copying of the anonymous 
manuscript Miami-French Dictionary, attributed to P^re Joseph Ignatius Le 
Boulanger, in the John Carter Brown Library at Providence, Rhode Island. 
Through the courteous permission of Mr. George Parker Winship, librarian, 
the bureau has been enabled to commence the copying of this manuscript, the 
difficult task being assigned to Miss Margaret Bingham Stillwell, under Mr. 
Winship’s immediate direction. At the close of the fiscal year 20^ pages of the 
original (comprising 95 pages of transcript), of the total of 155 pages of the 
dictionary proper, were finished and submitted to the bureau. It is hoped 
that on the completion of the copying the bureau will have a basis for the 
study of the Miami and related languages that would not be possible among the 
greatly modified remnant of the Indians 5till speaking them. 

Prof. Howard M. Ballou, of Honolulu, has continued the preparation of the 
List of Works Relating to Hawaii, undertaken in collaboration with the late 
Dr. Cyrus Thomas, and during the year submitted the titles of many early 
publications, including those of obscure books printed in the Hawaiian language. 

Mr. John P. Harrington, of the School of American Archmology, proceeded in 
March to the Colorado Valley in Arizona and California for the purpose of 
continuing his studies, commenced a few years before, among the Mohave 
Indians, and incidentally to make collections for the United States National 
IMuseum. Mr, Harrington was still among these Indians at the close of July, 
and the results of his studies, which cover every phase of the life of this 
interesting people, are to be placed at the disposal of the bureau for publication. 
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PUBLICATIONS. 

Tlie general editorial work of the bureau continued in immediate charge of 
Mr. J. G. Gurley, editor. The editing of Part 2 of Bulletin 30, Handbook of 
American Indians, was conducted by Mr,, Hodge, while the editorial supervision 
of Bulletin 40, Handbook of American Indian Languages, was in charge of 
Dr. Boas. At the close of the ‘fiscal year the twenty-seventh annual report 
was nearly ready for the bindery ; more than one-third of Bulletin 40, Part 2, 
was in type (mostly in pages) ; and Bulletin 47, a Dictionary of the Biloxi and 
Ofo Languages, by Dorsey and Swanton, was in page form. Some progress 
had been made in the revision of the galley proof of Bulletin 46, Byington’s 
Choctaw Dictionary, a work requiring the expenditure of considerable time 
and labor. Much of Mr. Gurley’s time during the year was given to the work 
of editing and proof reading the twenty-seventh annual report and its accom- 
panying paper, the monograph on the Omaha tribe, by Miss Fletcher and Mr. 
La Plesche, above referred to. The following publications were issued during 
the year : 

Bulletin 30. Handbook of American Indians North of Mexico (F. W. Hodge, 
editor), Part 2. 

Bulletin 37. Antiquities of Central and Southeastern Missouri (Gerard 
Fowke). 

Bulletin 40. Handbook of American Indian I^anguages (Framz Boas, editor), 
Part 1. 

Bulletin 43. Indian Tribes of the Lower Mississippi Valley and Adjacent 
Coast of the Gulf of Mexico (J. R. Swanton), 

Bulletin 44. Indian Languages of Mexico and Central America and their 
Geographical Distribution (Cyrus Thomas and J R. Swanton). 

Bulletin 45. Chippewa Music (Frances Densmore). 

Bulletin 50. Preliminary Report on a Visit to the Navaho National Monument, 
Arizona (J. Walter Fewkes). " 

Bulletin 51. Antiquities of the Mesa Verde National Park : Cliff Palace (J. 
Walter Fewkes). 

The preparation of the illustrations for the publications of the bureau and the 
making of photographic iiortraits of the members of visiting deputations of 
Indians were in charge of Mr. De Lancey Gill, illustrator. Of the 246 negatives 
made, 120 comprise portraits of visiting Indians. In addition 372 photographic 
films, exposed by members of the bureau in connection with their field work, 
were developed and printed. Photographic prints for publication and exchange 
were made to the number of 1,469, and 22 drawings for use as illustrations were 
prepared. Mr. Gill was assisted, as in the past, by Mr. Henry Walther, 

LIBEABT, , 

« 

The library of the bureau has continued in the immediate charge of Miss 
Ella Leary, librarian. During the year that part of the southeastern gallery 
of the lower mam hall of the Smithsonian Building which was vacated by the 
National Museum, was assigned to the use of the bureau library, and three addi- 
tional stacks were built, providing shelf room for about 2,500 volumes* Nearly 
that number of books which had been stored, and consequently made inacces- 
sible, were placed on the new shelves. The policy carried out from year to year 
of increasing the library by exchange with other institutions has been con- 
tinued, and special effort made to complete the collection of serial publica- 
tions. Especially to be noted is the completion of the sets of publications of 
the Maine Historical Society and the Archives of Pennsylvania, both rich In 
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material pertaining to the Indians. As in the past, it has been necessary for 
the bureau to make use of the Library of Congress from time to time, about 200 
volumes having been borrowed during the year. Twelve hundred books and 
approximately 650 pamphlets were received, in addition to the current numbers 
of more than 600 periodicals. Of the books and pamphlets received, 148 were 
acquired by purchase, the remainder by gift or exchange. Six hundred and 
eighty-nine volumes were bound by the Government Printing Office, payment 
therefor being made from the allotment “ for printing and binding * * # 
annual reports and bulletins of the Bureau of American Ethnology, and for mis« 
cellaneous printing and binding,” authorized by the sundry civil act This pro- 
vision has enabled the bureau, during the last two years, to bind many volumes 
almost in daily use which were threatened with destruction. The catalogue of 
the bureau now records 17,250 volumes ; there are also about 12,200 pamphlets, 
and several thousand unbound periodicals. The library is constantly referred 
to by students not connected with the bureau, as well as by various officials of 
the Government service. 

PROPEETY. 

As noted in previous reports the principal property of the bureau consists of 
its library, manuscripts, and photographic negatives. In addition it possesses a 
number of cameras, phonographic machines, and ordinary apparatus and 
equipment for field work, stationery and office supplies, a moderate amount of 
office furniture, typewriters, etc , and the undistributed stock of its publications. 
The sum of $304.62 was expended for office furniture (including bookstacks at a 
cost of $205) during the fiscal year. 

EECOMMENDATIONS. 

For the purpose of extending the systematic researches of the bureau and of 
affording additional facilities for its administration, the following recommenda- 
tions are made: 

A question having arisen in the Committee on Appropriations of the House 
of Representatives as to the purpose for which an increase of $2,000 in the 
bureau's appropriation in 1909 was intended, the work of excavating and re- 
pairing antiquities existing in national parks and monuments has been cur- 
tailed. The importance of elucidating the archeological problems connected 
with these ancient remains and of repairing the more important of them for 
visitors and for future students is so apparent that the need of continuing this 
work is generally recognized, consequently an estimate of $4,(X)0 “ for the ex- 
ploration and preservation of antiquities” has been submitted for the next 
fiscal year. 

Ethnological research in Alaska is urgently needed by reason of the great 
changes taking place among the Indians and the Eskimo since the influx of 
white people a few years ago. Unless this investigation is undertaken at once 
the aboriginal inhabitants will have become so modified by contact with whites 
that knowledge of much of their primitive life will be lost It is recommended 
that the sum of $4, '500 be appropriated for this work. 

The more speedy extension of ethnological researches among the remnants 
of the Algonquian tribes formerly occupying the Middle West is desired. In a 
number of cases these tribes are represented by only a few survivors who retain 
any knowledge of the traits, language, and customs of their people, hence it 
will be impossible to gather much of this information unless the work is ex- 
tended more rapidly, as the funds now at the bureau^s disposal for this pur- 
pose are inadequate. The additional sum of $1,000 is recommended for this 
purpose. 
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As previously stated, the demand for the Handbook of American Indians 
has been so great that many schools and libraries have necessarily been denied. 
The need of a revised edition is urgent, but the revision can not be satisfac- 
torily undertaken and the latest information incorporated without the employ- 
ment of special ethnologic assistants — those who have devoted fecial study to 
particular tribes — and editorial and clerical aid. It is recommended that the 
sum of $3,800 be appropriated for this purpose. 

The bureau is constantly in receipt of requests from schools, historical 
societies, compilers of textbooks, etc., for photographic prints of Indian sub- 
jects, since it is generally known that the bureau possesses many thousands of 
negatives accumulated in the course of its investigations. As no funds are now 
available for this purpose, it is recommended that a reasonable sum, say $1,000, 
be appropriated for the purpose of furnishing prints for educational purposes. 
In most cases applicants would doubtless be willing to pay the cost, but at 
present the bureau has no authority for selling photographs. 

The manuscripts accumulated by the bureau form a priceless collection; 
indeed many of them, if lost, could not be replaced, since they represent the 
results of studies of Indians who have become extinct or have lost their tribal 
identity. It is therefore urgently recommended that the sum of $1,350 be ap- 
propriated for fireproofing a room and for providing metal cases for the 
permanent preservation of the manuscripts. 

Respectfully submitted. 

F. W. Hodge, Ethnologist in Charge. 

Hr. Ohaeles D. Walcott, 

Seoetary of the Smithsonian Institution. 
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KEPORT ON THE INTERNATIONAL EXCHANGES. 

Sib : I have the honor to submit the following report on the operations of the 
International Exchange Service during the fiscal year ending June 30, 1911, 
which was prepared under the direction of Mr. O. W. Shoemaker, chief clerk, 
who was in charge of the service from January, 1910, until June 1, 1911. 

The congressional appropriation for the support of the service during 1911 
was $32,200 (the same amount granted for the past three years), and the sum 
collected on account of repayments was $4,754.99, making the total available 
resources for carrying on the system of international exchanges $36,954.99. 

The total number of packages handled during the year was 228,698 — an in- 
crease over the number for the preceding year of 7,073. The weight of these 
packages was 560,808 pounds— a gain of 76,124 pounds. For purposes of com- 
parison the number and weight of packages of different classes are indicated 
in the following table : 



[ 

Packages. 

' Weight. 

Sent. 

|Received 

Sent. 

Received, 

United States parllaTnAntary dnenTnAnt<i sent abroad 

103,769 


PouTids. 

116,219 

! Founds* 

Publications received in return for parliamentary documents.. . 

! 1,752 

18,467 

United States departmental documents sent abroad 

55,101 

216,686 

Publications received in return for departmental documents 

8,715 

18,837 

Publications from miscellaneous sources sent abroad 

28,834 

56,165 

Publications received from abroad for miscellaneous distribu- 
tion 

30,524 

134,434 

Total 



187,707 ^ 

40,991 

389,070 

171,738 

Grand total.. 

228. 

,698 

560*808 


1 


The disparity between the number of packages received and those sent may 
be accounted for, in part, by the fact that many returns for publications sent 
abroad are forwarded to their destinations by mail and not through the exchange 
service. This difference is further due to the fact that whereas packages sent 
are made up in most cases of separate publications, those received contain 
several volumes^ — ^in some instances the term package ” being applied to large 
boxes often containing 100 or more publications. 

By referring to the above statement it will be noted that 6G per cent of the 
work of the office has been conducted in behalf of the United States govern- 
mental establishments. 

Of the 2,380 boxes used in forwarding exchanges to foreign bureaus and 
agencies for distribution (an increase of 347 boxes over 1910), 385 boxes con- 
tained full sets of United States official documents for authorized depositories 
and 1,995 were filled with departmental and other publications for depositories 
of partial sets and for miscellaneous correspondents. 
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Several clianges have been made during tbe year in tbe routine of the Ex- 
change Office looking to the economical and efficient administration of the 
service. These changes are here briefly referred to. 

It had been the practice for many years to keep a card record of both in- 
coming and outgoing packages — a credit and debit account with each establish- 
ment or individual using the facilities of the Exchange Service — thus enabling 
the Institution to answer inquiries concerning the transmisson of any particular 
package without delay. As the keeping of these cards involved a great deal of 
labor — quite out of proportion to the benefits derived therefrom — and also as 
most of the information given thereon could, with the expenditure of a little 
more time, be obtained from other records in the office, the detailed statement 
of outgoing packages has been discontinued. This curtailment in the work 
has made it possible to dispense with the services of one of the clerks in the 
record room. The discontinuance of these cards has, furthermore, brought 
about a change in the work in the shipping room whereby the preparation of 
consignments for transmission abroad is facilitated. 

Since the fiscal year 1897 there has been printed in the report on the ex- 
changes, under the caption “ Interchange of Publications between the United 
States and Other Countries,” a statement showing in detail the number of 
packages sent to and received from each country through the International Ex- 
change Service. In most instances, the statistics contained in these state- 
ments indicated that a much larger number of packages were sent abroad than 
were received in return. While it is true that a certain disparity exists, the 
statements were misleading, since, as already explained, a great many packages 
are received through other channels by correspondents in this country in return 
for those sent through the Exchange Service. In view of this fact, and also 
because the statistics contained in these statements were seldom required for 
the use of the Exchange Office, the keeping of the detailed record from which 
they were derived has been discontinued. The time saved by this and other 
minor changes in the receiving room has enabled the clerical force in that room 
to keep the work required in handling and recording the large number of 
packages received for transmission through the service more nearly up to date. 

Mention was made in the last report that the German authorities had in 
contemplation the founding of an institution at Berlin to further cultural 
relations between Germany and the United States, and that one of its func- 
tions would be the transmission and distribution of German exchanges. This 
establishment, which is known as the “Amerika-Institut,” was organized in 
the fall of 1910, and the exchange of publications was taken up by it on 
January 1, 1911. On the latter date the exchange agency maintained by the 
Smithsonian Institution in Leipzig at the publishing house of Karl W. Hierse- 
mann was discontinued. 

Prior to the discontinuance of the Leipzig agency the interchange of publi- 
cations between correspondents in Luxemburg and Roumania and those in the 
United States was conducted through that medium. In compliance with the 
Institution’s request, the Amerika-Institut has been good enough to assume 
charge of the distribution of packages in Luxemburg, The Academia Romana 
at Bucharest— the depository of a partial set of United States governmental 
documents— has been approached with a view to enlisting its services in the 
interchange of publications between Roumania and the United States, and it 
is hoped that the academy may find it convenient to have this work conducted 
under its auspices. 

The Japanese exchange agency and the depository of a full set of United 
States governmental documents was transferred by the Japanese Government, 
during the latter part of the year, from the Department of Eoreign Affairs to 
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the Imperial Library at Tokyo. The regular series of official documents, as 
well as all publications for distribution in Japan, are therefore now forwarded 
to that library. 

An application received by the Institution from the under secretary to the 
Government of the United Provinces of Agra and Oudh, Allahabad, India, for 
copies of such United States official publications as might be of interest to it 
was favorably acted upon by the Library of Congress, and that Government was 
added to the list of those countries receiving partial sets of governmental 
documents. The first shipment, consisting of six boxes, was forwarded to 
the under secretary on October 11, 1910. 

Two cases forwarded from Washington in October, 1910, containing exchanges 
for miscellaneous addresses in New South Wales, were destroyed in transit 
to that country, the steamship by which the consignment was transmitted 
having been burned at sea. The senders of the packages contained in these 
cases were communicated with, and it is gratifying to stale that it was possible 
for most of them to supply copies of the lost publications. 

The work inaugurated in 190S of actively seeking returns from foreign 
countries for the exchanges sent to them by this Government has resulted dur- 
ing the year in the acquisition of important collections of publications for the 
Library of Congress and for several other establishments of the Government 
About 10,000 foreign governmental documents of a statistical character, re- 
turned by the Library of Congress as duplicates, have been stored for some 
time in the Smithsonian Institution. These books were arranged and listed 
during the year under the direction of the assistant librarian, while the 
Exchange Service, through which the documents were received from abroad, 
provided the extra clerical assistance required. Upon completion of this work 
most of the documents were forwarded to the New York Public Library to 
complete its series of foreign governmental publications. 

FOEEIGN DEPOSITORIES OF UNITED STATES GOVERNMENTAL DOCUMENTS. 

In accordance with treaty stipulations and under the authority of the con- 
gressional resolutions of March 2, 1867, and March 2, 1901, setting apart a 
certain number of documents for exchange with foreign countries, there are 
now sent regifiarly to depositories abroad 55 full sets of United States official 
publications and 34 partial sets, the United Provinces of Agra and Oudh 
having been added during the year to the list of countries receiving partial sets. 
The recipients of full and partial sets are as follows : 

DFrosiTomrs op pull sets 

Argentina : Minislerio de Relaciones Exteriores, Buenos Aires. 

Argentina : Biblioteca de la Universidad Nacional de La Plata. 

Australia: Library of the Commonwealth Parliament, Melbourne. 

Austria: K. K. Statistische Central-Commission, Vienna. 

Baden: Universitats-Bibliothek, Freiburg. 

Bavaria : Konigliche Hof- und Staats-Bibliothek, Munich. 

Belgium : Biblioth&que Royale, Brussels. 

Brazil: Bibliotheca Nacional, Rio de Janeiro. 

Canada: Parliamentary Library, Ottawa. 

Cape Colony: Government Stationery Department, Cape Town. 

Chile : Biblioteca del Congreso Nacional, Santiago. 

China : American-Chinese Publication Exchange Department, Shanghai Bureau 
of Foreign Affairs, Shanghai. 

Colombia: Biblioteca- Nacional, Bogota. 

Costa Rica : Oficina de Depdsito y Canje de Publicaciones, San Jos^. 
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Cuba: Secretaria de Estado (Asuntos Generales y Canje Internacional), 
Habana. 

Denmark: Kongelige Bibliotbeket, Copenhagen. 

England : British Museum, London. 

England : Loudon School of Economics and Political Science, London. 

France : Bibliothdqiie Nationale, Paris. 

France : Prefecture de la Seine, Paris. 

Germany: Deutsche Eeichstags-Bibliothek, Berlin. 

Greece : Bibliotheque Nationale, Athens. 

Haiti : Secretairerie d’^ltat des Relations Exterieures, Port au Prince. 

Hungary: Hungarian House of Delegates, Budapest. 

India; Department of Education (Books), Goyernment of India, Calcutta. 
Ireland : National Library of Ireland, Dublin. 

Italy: Biblioteca Nazionale Vittorio Emanuele, Rome. 

Japan : Imperial Library of Japan, Tokyo, 

Manitoba : Provincial Library, Winnipeg. 

Mexico: Instituto Bibliogrilfico, Biblioteca Nacional, Mexico. 

Netherlands : Library of the States General, The Hague. 

New South Wales : Board for International Exchanges, Sydney. 

New Zealand: General Assembly Library, Wellington. 

Norway: Storthingets Bibliothek, Christiania. 

Ontario : Legislative Library, Toronto. 

Peru: Biblioteca Nacional, Lima. 

Portugal: Bibliotheca Nacional, Lisbon. 

Prussia: Kbnigliche Bibliothek, Berlin. 

Quebec: Legislative Library, Quebec. 

Queensland: Parliamentary Library, Brisbane. 

Russia: Imperial Public Library, St. Petersburg. 

Saxony: Kbnigliche Oeffentliche Bibliothek, Dresden. 

Servia : Section Administrative du Ministdre des Affaires Btrang^res, Belgrade. 
South Australia: Parliamentary Library, Adelaide. 

Spain : Servicio del Cambio Internacional de Publicaciones, Cuerpo Facultative 
de Archiveros, Bibliotecarios y Arquedlogos, Madrid. 

Sweden: Kungliga Biblioteket, Stockholm. 

Switzerland: Biblioth^que FM^rale, Berne. 

Tasmania: Parliamentary Library, Hobart. 

Transvaal: Government Library, Pretoria. 

Turkey: Department of Public Instruction, Constantinople. 

Uruguay: Ofieina de Canje Internacional de Publicaciones, Montevideo. 
Venezuela : Biblioteca Nacional, Caracas. 

Victoria : Public Library, Melbourne. ‘ 

Western Australia : Public Library of Western Australia, Perth. 

Wiirttemberg: Kdnigliche Landesbibliothek, Stuttgart. 

DEPOSITORIES OP PAETUD SETS. 

^Alberta: Legislative Library, Edmonton. 

Alsace-Lorraine: K. Ministerium ftir Elsass-Lothringen, Strassburg, 

Bolivia: Ministerio de Colonizacidn y Agricultura, La Paz. 

Bremen : Senatskommission fiir Reichs- und Auswartige Angelegenhexten, 
British Columbia: Legislative Library, Victoria. 

Bulgaria: Minister of Foreign Affairs, Sofia, 

Ceylon: United States Consul, Colombo. 

Ecuador: Biblioteca Nacional, Quito* 
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Egypt: Biblioth^que Kh^diviale, Cairo, 

Guatemala : Secretary of the Government, Guatemala. 

Hamburg: Senatskommission fur die Reichs- und Auswartigen Angelegenheiten. 
Hesse: Grossherzogliche Hof-Bibliothek, Darmstadt. 

Honduras: Secretary of the Government, Tegucigalpa. 

Jamaica: Colonial Secretary, Kingston. 

Liberia: Department of State, Monrovia, 

Lourengo Marquez : Government Library, Lourengo Marquez. 

Malta : Lieutenant-Governor, Valetta. 

Montenegro: Minister e des Affaires ^Itrang^res, Cetinje. 

Natal: Colonial Secretary’s OflSce, Pietermaritzburg. 

New Brunswick: Legislative Library, St. John. 

Newfoundland: Colonial Secretary, St. John’s. 

Nicaragua: Superintendente de Archives Nacionales, Managua. 

Northwest Territories: Government Library, Regina. 

Nova Scotia : Provincial Secretary of Nova Scotia, Halifax. 

Orange River Colony ; Government Library, Bloemfontein. 

Panama : Secretaria de Relaciones Bxteriores, Panama. 

Paraguay; Oficina General de Informaciones y Canjes y Commisaria General 
de Inmigracion, Asuncion. 

Prince Edward Island: Legislative Library, Charlottetown. 

Roumania: Academia Eomana, Bucarest. 

Salvador: Ministerio de Relaciones Exteriores, San Salvador. 

Siam : Department of Foreign Affairs, Bangkok. 

Straits Settlements: Colonial Secretary, Singapore. 

United Provinces of Agra and Oudh : Under Secretary to Government, Allahabad. 
Vienna: Biirgermeister der Haupt- und Residenz-Stadt. 


IZSTTERPARLIAMENTARY EXCHANGE OF THE OFFICIAL JOURNAL, 


As mentioned in previous reports, a resolution of the Congress was approved 
March 4, 1909, setting aside such number as might be required, not exceeding 
100 copies, of the daily issue of the Congressional Record for exchange, through 
the agency of the Smithsonian Institution, with the legislative chambers of such 
foreign governments as might agree to send to the United States in return cur- 
rent copies of their parliamentary record or like publication. The purpose of 
this resolution was to enable the Institution, on the part of the United States, 
to more fully carry into effect the provisions of the convention concluded at 
Brussels in 1886, providing for the immediate exchange of the official journal. 

The Governments of the Argentine Republic, Denmark, and Great Britain 
have entered* into this exchange during the year. A complete list of the coun- 
tries to which the Congressional Record is now sent is given below : 


Argentine Republic. 
Australia. 

Austria. 

Baden. 

Belgium. 

Brazil. 

Canada. 

Cape of Good Hope. 
Cuba. 

Denmarlc 

1911 


France. 

Great Britain. 

Greece. 

Guatemala. 

Honduras. 

Hungary. 

Italy, 

New South Wales. 
New Zealand, 
Portugal. 


Prussia, 

Roumania. 

Russia. 

Servla. 

Spain. 

Switzerland. 

Transvaal. 

Uruguay. 

Western Australia. 


■4 
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TEere are at present 29 countries with which the immediate exchange of 
the official journal is carried on. To some of these countries two copies of 
the Congressional Record are sent — one to the upper and one to the lower 
house of parliament — ^the total number transmitted being 34. 

It may be repeated in this connection that the exchange here alluded to is 
separate and distinct from the exchange of official documents which has 
existed between the United States and other countries for many years. It 
is interparliamentary, and provides for the immediate transmission, direct by 
mail, of the official journal as soon as published. 

LIST OF BUEEAUS OE AGENCIES THEOUGH WHICH EXCHANGES AEE TRANSMITTED. 

The following is a list of bureaus or agencies through which the distribution 
of exchanges is effected. Those in the larger and many in the smaller countries 
forward to the Smithsonian Institution, in return, contributions for distribution 
in the United States: 

Algeria, via France. 

Angola, via Portugal. 

Argentina : Comisidn Protectora de Bibliotecas Populares, Reconquista 538, 
Buenos Aires. 

Austria: K. K. Statistische Central-Commission, Vienna. 

Azores, via Portugal. 

Barbados: Imperial Department of Agriculture, Bridgetown. 

Belgium: Service Beige des ^changes Internationaux, Rue du Mus6e 5, Brus- 
sels. 

Bolivia : Oficina Nacional de Estadlstica, La Paz, 

Brazil: Servipo de PermutagSes Internacionaes, Bibliotheca Nacional, Rio de 
Janeiro. 

British Colonies: Crown Agents for the Colonies, London.^ 

British Guiana: Royal Agricultural and Commercial Society, Georgetown, 
British Honduras: Colonial Secretary, Belize. ' . 

Bulgaria : Institutions Scientifiques de S, M. le Roi de Bulgarie, Sofia. ' 

Canary Islands, via Spain. 

Cape Colony: Government Stationery Department, Cape Town. 

Chile: Servicio de Canjes Internacionales, Biblioteca Nacional, Santiago. 
China: Zi-ka-wei Observatory, Shanghai. 

Colombia: Oficina de Canjes Internacionales y Reparto, Biblioteca Nacional, 
Bogota. 

Costa Rica : Oficina de Deposito y Canje de Publicaciones, San Jos6. 

Denmark: Kongelige Danske Videnskabernes Selskab, Copenhagen. 

Dutch Guiana: Surinaamsche Koloniale Bibliotheek, Paramaribo" 

Ecuador: Ministerio de Relaciones Exteriores, Quito. 

Egypt: Director-General, Survey Department, Giza (Mudiria). 

France: Service Frangais des Bchanges Internationaux, 110 Rue de Grcnelle, 
Paris. 

Germany: Amerika-Institut, Berlin, N. W. T. 

Great Britain and Ireland: Messrs. William Wesley & Son, 28 Essex Street, 
Strand, London. 

Greece: Biblioth^que Nationale, Athens. 

Greenland, via Denmark. 

^This method is employed for communicating with several of the British coloniea 
with which no medium is available for forwarding exchanges direct. 
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Guadeloupe, Tia France. 

Guatemala: Institute Nacional de Varones, Guatemala. 

Guinea, via Portugal. 

Haiti: Secretaire d’Etat des Kelations Exterieures, Port au Prince. 

Honduras: Biblioteca Nacional, Tegucigalpa. 

Hungary : Dr. Julius Pikler, Municipal Office of Statistics, City Plall, Budapest. 
Iceland, via Denmark. 

India: India Store Department, India Office, London. 

Italy: Ufficio degli Scambi Internazionali, Biblioteca Nazionale Vittorio Eman- 
uele, Rome. 

Jamaica : Institute of Jamaica, Kingston. 

Japan: Imperial Library of Japan, Tokyo. 

Java, via Netherlands. 

Korea : His Imperial Japanese Majesty’s Residency-General, Seoul. 

Liberia : Department of State, Monrovia. 

Lourengo Marquez : Government Library, Lourengo Marquez. 

Luxemburg, via Germany. 

Madagascar, via France. 

Madeira, via Portugal. 

Montenegro : Minis tfere des Affaires ^)trangdres, Cetinje. 

Mozambique, via Portugal. 

Natal: Agent-General for Natal, London. 

Netherlands: Bureau Scientiflque Central N^erlandais, Biblioth^que de I’Uni- 
versit^, Leyden. 

New Guinea, via Netherlands. 

New South Wales : Board for International Exchanges, Public Library, Sydney. 
New Zealand; Dominion Museum, Wellington. 

Nicaragua : Ministerio de Relaciones Exteriores, Managua. 

Norway : Kongelige Norske Fredcriks Universitet Bibliotheket, Christiania. 
Panama : Secretaria de Relaciones Exteriores, Panama. 

Paraguay : Ministerio de Relaciones Exteriores, Asuncion. 

Persia : Board of Foreign Missions of the Presbyterian Church, New York City. 
Peru: Oficina de Reparto, Depdsito y Canje Internacional de Publicaciones, 
Ministerio de Fomento, Lima. 

Portugal : Servigo de Permutagdes Intemacionaes, Bibliotheca Nacional, Lisbon. 
Queensland: Board of Exchanges of International Publications, Parliament 
House, Brisbane. 

Russia; Commission Russe des Echanges Internationaux, BibliotMque Im- 
p^riale Publique, St. Petersburg. 

Salvador; Ministerio de Relaciones Exteriores, San Salvador. 

Servia ; Section Administrative du Ministdre des Affaires Etrang^res, Belgrade. 
Siam : Department of Foreign Affairs, Bangkok. 

South Australia : Public Library of South Australia, Adelaide. 

Spain : Servicio del Cambio Internacional de Publicaciones, Cuerpo Facultativo 
de Archiveros, Bibliotecarios y Arquedlogos, Madrid. 

Sumatra, via Netherlands. 

Sweden; Kongliga Svenska Vetenskaps Akademien, Stockholm, 

Switzerland ; Service des Echanges Internationaux, Bibliothdque FMdrale Cen- 
trale, Bern. 

Syria : Board of Foreign Missions of the Presbyterian Church, New York. 
Tasmania ; Royal Society of Tasmania, Hobart. 

Transvaal; Government Library, Pretoria. 
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Trinidad: Victoria Institute, Port of Spain. 

Tunis, via France. 

Turkey : American Board of Commissioners for Foreign Missions, Boston. 
Uruguay: Oficina de Oanje Internacional, Montevideo. 

Venezuela: Biblioteca Nacional, Caracas. 

Victoria : Public Library of Victoria, Melbourne. 

Western Australia : Public Library of Western Australia, Perth. 

I may add here, as a matter of record, that I was appointed assistant secre- 
tary in charge of Library and Exchanges on June 1, 1911. 

Respectfully submitted. 

F. W. Teue, 

Assistant Secretary in Charge of Library and Easchanges, 
Dr. Chaeles D. Walcott, 

Secretary of the S'lmthsonian Institution, 



Appendix IV. 


EEPOET ON THE NATIONAL ZOOLOGICAL PAEK. 

Sib: I have the honor to present herewith a report of the operations of the 
National Zoological Park for the fiscal year ending June 30, 1911. 

The general appropriation made by Congress for that year was $100,000, and 
in addition to this an appropriation of $15,000 was made for roads and walks. 

The cost of maintenance was $81,325, and the amount remaining from the 
general appropriation, $18,675, was expended in various improvements and 
repairs. 


ACCESSIONS. 

Among the important accessions of the year were a pair of Haytian soleno- 
dons, a rare insectivorous mammal, presented by Mr. and Mrs. Franklin Adams 
of, the Pan American Union A pai%of northern fur seals was received from 
the United States Bureau of Fisheries, a fine female grizzly bear from Maj. 
H. 0. Benson, acting superintendent of the Yellowstone National Park, and 
four Virginia deer from Gen. Joseph S. Smith, manager of the National Soldiers 
Home, Bangor, Maine. By purchase, the park obtained a hippopotamus, an 
Bast African buffalo, three prong-horn antelopes, a pair of reindeer, a large 
Asiatic macaque monkey, and various other animals. Some important animals 
were also obtained by exchange, as noted below. The accessions included about 
twenty species not before represented in the collection. 

Early in its history the park exhibited for two years a hippopotamus which 
had been received as. a loan. Since that was withdrawn the species has not 
been represented in the collection. The present animal, a female about 2 years 
old, is from East Africa and weighs 850 pounds. The buffalo was captured in 
German East Africa and is believed to be the form described as Buffelus 
neumanni. The African buffalo has for some time been rather difficult to 
obtain, and the park was fortunate in being able to secure a specimen at com- 
paratively small cost. It was also fortunate in obtaining in western Texas a 
male and two female prong-horn antelopes, all adult, from which two vigorous 
young have been born. Through an animal dealer on the Pacific coast the large 
brown macaque monkey of southeastern Asia and several other species new 
to the collection were obtained which had not been procurable elsewhere. 

EXCHANGES. 

Surplus animals were disposed of by exchange as usual, in accordance with 
the terms of the act establishing the park. They were sent to the New York 
Zoological Park, the London Zoological Garden, and various dealers and private 
individuals. In return for these, the park secured a number of important ani- 
mals, including a fine specimen each of bontehok, hlessbok, and springbok, a 
small anteater, a pair of tenrecs (insectivorous mammals of Madagascar), and 
other mammals and birds. The bontehok and hlessbok, which are very beautiful 
African antelopes, are especially valued, as the former now exists only in a few 
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seiniwild Berds in Cape Colony, 300 individuals, perhaps, remaining from the 
thousands upon thousands ” described by early hunters in South Africa, while 
the latter has been greatly reduced in numbers. 

Whenever possible, direct exchange was made, but where the person who 
desired to obtain an animal from the park had nothing acceptable to offer, 
the exchange was effected through some one of the responsible dealers in 
animals. 

Black-crowned night herons had bred so freely in the flying cage that it be- 
came a necessity to materially reduce their number and some were sent (as gifts) 
to the New Xork Zoological Park, London Zoological Garden, and the park 
departments of St, Louis and Eochester. 

Animals in the collection June SO, 1911. 

MAMMALS. 


Grivet monkey (Cercopithecus sabcdus).- 1 

Green monkey {Cercopithecua callitri- 

clius) 1 

Mona monkey {Cercopithecus mona) — 2 

Diana monkey {Cercopithecus diana) 1 

Sooty mangabey {Cercocehus fuUgino- 

sus) 2 

'White-collared mangabey {Cercocehus 

collaris) 1 

Bonnet monkey {Maeacus sinicus) 1 

Macaque monkey {Macacus cynomol- 

gus) 5 

Pig-tailed monkey {Macacus nemcstri- 

nus) 3 

Rhes-iis monkey (Macacus rhesus) 15 

Brown macaque {Macacus arctoides) 4 

Japanese monkey {Macacus fuscatus)^ 4 
Formosan rock-macaque {Macacus cy- 

clopis) 1 

Black ape {Cynopithecus mger) 1 

Anubis baboon {Papio anuhis) 1 

East Afiican baboon {Papio cynoeeph- 

atm) 1 

Chacma {Papio porcarius) 1 

Mandrill (Payio irMimon) 4 

Diill {Papio IcucophcBus) 1 

Giav spider monkey {Ateles geoffroyi).. 1 
Whito'throntod capucbin monkey (Gebita 

Tijpolchous) S 

Brown monkey {Gelms fatuellus) 3 

Weeper monkey {Cehus capuctnus) 1 

Knifed lemur {Lemur unrius) 1 

King-iailed lemur {Lemui cat la) 2 

Teurec {Centetes ecaudatuss 2 

Polar bear (Thaluretos itimus) 3 

European brown bear {TJrsus arotos) 3 

'Kadiak bear {Ursics middendorffi) 1 

Yakntat bear {JJrsus doth) 1 

Alaskan brown bear {TJrsus gyas) 6 

Kidder’s bear {Vrstis hidderi) 1 

Himalayan bear {Ursus thibetanus) 1 

Grizzly bear {Ursus horribilis) 4 

Black bear {Ursus americamis) 9 

Cinnamon bear {Ursus amei'icanm) 3 

Sloth bear {Melursus ursinus) 1 

Kinkajou {Cercoleptes caudivolvulus) ^ 1 

Cacomistle {Bassariscus astuta) 1 

Gray coatimundi {Nasua uarica) 3 

Kaccoon (Procyon Jotor) 17 


American badger {Tawidea amencana)„ 4 

Common skunk {Mephitis mephitica) 2 

Wolverine {Gulo luscus) 1 

American marten {Mustcla americana)- 2 

Fisher {Mustela pennanUi) 1 

Common ferret {Putorius putorius) 1 

Black-footed ferret {Putorius nigripes)^ 3 

North American otter {Lutra canaden- 
sis) 5 

Eskimo dog {Canis familiaris) 2 

IjDingo {Canis dingo) ‘ 4 

Gray wolf {Octnis occidentalis) 6 

Black wolf {Canis occidentalis) — 1' 

Coyote {Canis latrans) 4 

W'oodhouse’s coyote {Canis frustror) 5 

; Crab-eating dog {Canis cancrivorus) 1 

Bed fox {Vulpes peiinsylvanicus) 4 

Swift fox {Vulpes velow) 2 

Arctic fox {Vulpes lagopus) 2 

Gray fox {Vrooyon oinereo-argenteus ) 6 

Striped hyena {Hymna striata) 1 

African palm civet {Viverra civetta)^ 1 

Common genet {Qenetta genetta) 2 

Sudan lion {Felis leo) 3 

Kilimanjaro lion {Felis leo sahahien- 

sis) 6 

Tiger {Felis itgris) 2 

Cougar (Felis oregonensis Mppolestes) 2 

Jaguar {Fchs onca) 1 

Mexican jaguar {Felis onca goldmani) 1 

Leopard {Felis pardus) 2 

Black leopard (Felis pardus) 1 

Serval {Felis serval) 1 

Ocelot (Felis pardahs) 1 

Canada lynx {Lynx canadensis) 1 

Bay lynx (Lynx rufus) 4 

Spotted lynx {Lynx rufus texensis) 1 

Florida lynx (Lynx rufus floridanus)^ 1 

StellePs sea lion (Eumetopias stelleri) l 

California sea lion (Zalophus californi- 

antis) 2 

Harbor seal (Phoca vituUna) 3 

Fox squirrel (Sciurus niger) iO 

Western fox squirrel (Sciurus ludovi- 

cianus) 8 

Gray squirrel {Sciurus caroUnensis) 40 

Black squirrel (Sciurus caroUnensis).. 20 

Prairie dog {Gynomys ludovicianus) 71 

Alpine marmot (Arctomys matmoUa)^ 3 
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Woodchuck {Arctomys monaa:) 

American heaver {Castor canadensis)- 

Coypu {Myocastor coypus) 

Ilutia-conga {Capromys pilondes) 

Indian porcupine (Eystrix leucura) 

Mesican agouti (Dasyproctamexicana) 

AiJara’s agouti (Dasyprocta azarce) 

Golden agouti {Dasyprocta aguti) 

Hairy-i’umped agouti {Dasyprocta 

prymnolopfia) 

Paca {Ccelogenys paca\ 

Guinea pig {Cavia cutleri) 

Patagonian cavy {DoUchotis patago- 

nica) 

Domestic rabbit {Lepus cuniculus) 

Cape hyrax {Procavia capensis) 

Indian elephant {Blephas maximus) 

Brazilian tapir {Tapirus americanus)- 

Grevy’s zebra {Equus grevyi) 

Zebra-donkey hybrid {Equus grevyi- 

asinus) 

Grant’s zebia {Equus burchelh granti)- 
Collared peccary (Dtcotyles angulatus) - 

Wild boar {Bus scrofa) 

Northern wart hog {Phacoclicefus afrl- 

canus) 

Hippopotamus {Hippopotamus amphih- 

ius) 

Guanaco {Lama Tiuanaclius) — . 

Llama {Lama glama) 

Alpaca {Lama pacos) 

Vicugna {Lama vicugna) 

Bactrian camel {Camelus lactnanus)- 

Muntjac {Cervulus muntjac) 

Sambar deer {Cervus anstotelis) 

Philippine deer {Genus plnlippmus) 

Hog deer {Cervus porctnus) 

Barasingha deer {Cervus duvauceJu) 

Axis deer {Cervus axis) 

Japanese deer {Cervus sika) 

Bed deer {Cervus elaphus)- 

American elk {Cervus canadensis) 

Fallow deer {Cervus dama) 


European hlackhird {Merula merula)- 

Catbird {Dumetella oaroUnensis) 

Brown thrasher {Toxosioma rufum) 

Japanese robin {LiotJirix luteus) 

Laughing thrush {Garrulax leucolo- 

phus) 

Orange-checked waxbill {Estrelda mel- 

poda) 

Cordon-hleu {Estrelda phcenicotis) 

Cut-throat finch (Amadina fasaata) 

Zebra finch {Aniadtna castanotis) 

Black-headed finch {lluuia atrica- 

pilla) 

White-headed finch {Munia rnaja) 

Nutmeg finch {Munia punctularia) 

Java sparrow {Munia oryzivora) 

White Java sparrow {Munia orysi- 

vora) 

Parson finch {Poephila c-incta) 

Bearded finch {BpermopTiila sp.) 

Madagascar weaver {Eoudia madagas- 

cariensis) 

Bed-hilled weaver {Quelea quelea) 


3 

4 
3 
2 
2 
1 
2 
1 

5 
1 

13 

2 

41 

2 

1 

1 

1 

1 

8 

1 


1 

8 

e 

2 

3 
1 
1 
1 

4 
10 

5 
0 

13 

9 

8 


Reindeer (Rangifer tarandus) 

Virginia deer {Odocoileus virginianus) - 

Mule deer {Odocoileus liemionus) 

Columbian hlack-tailed deer {Odocoileus 

columhianus) 

Cuban deer {Odocoileus sp.) 

Prong-hoin antelope {Antilocapra amer- 

ioana) 

Coke’s hartebeest {Bul)alis colcei) 

Bontebok {Damaliscus pygargus) 

Blessbok {Damaliscus alhifrons) 

White- tailed gnu {Connochmtes gnu) 

Defassa water buck {Cohus defassa) 

Indian antelope (Ant Hope cervicapra)- 

Springbuck {Antidorcas euchore) 

Grant’s gazelle {Gazella granti) 

Nilgai {Boselaphus ir ago camelus) 

Congo harnessed antelope {TragelapJius 

grains) 

East African eland {Oreas canna pat- 

tersonianus) 

Chamois {Rupicapra tragus) 

Tahr {Hemitragus jemlaicus) 

Common goat {Capra hircus) 

Angora goat {Capra hircus) 

Barbary sheep {Ovis tragelaphus) 

Barbados sheep (Ovis aries4ragela- 

phus) 

Anoa {Anoa depress icorms) 

Bast African buffalo {Buffelus neu- 

manni) 

Zebu (Bibos indicus) 

Yak (Poephagus grunmens) 

American bison (Bison amertcanus) 

Hairy armadillo (Dasypus villosus) 

Wallaroo {Macropus robustus) 

Red-necked wallaby {Macro 2 yus ruficol- 

hs) 

Brush-tailed rock kangaroo (Petrogale 

pendcillata) 

Virginia opposum (Didelphys marsupU 
alls) 

m 


BIRDS. 


1 

1 

1 

2 


8 

8 

4 
2 

2 

5 
4 

10 

6 
1 
2 

4 

8 


Whydah weaver {Vidua paradisea) 

Painted hunting (Passerma clris) 

Red-crested cardinal (Paroaria cucuh 

lata) 

Common cardinal (Cardinahs cardi- 

nalis) 

Rose-breasted grosbeak {Zamelodia lu- 

doviciana) 

Siskin (Bpinus spinus) 

European goldfinch (Garduelis ele~ 

gans) 

Yellow hammer {Bmberiza citmnella)- 

Common canary {Serinus canarius) 

Bullfinch (Pyrrhula europesa) 

Cowbird (Molothrus ater) 

Purple grackle (Quiscalus quiscula) 

j Bed-winged blackbird (Agelaius plus- 

niceus) 

Common mynah (Acridotheres trisiis)^ 

European raven {Corvus cor ax). 

American raven {Corvus Goraw sim- 

atus) 

Blue jay (Cyamcitta cristata) 


2 

5 

2 

1 

1 

5 
2 
1 
1 
1 
1 
3 
1 
1 
2 

3 

1 

3 

6 

4 
4 

13 

1 

1 

1 

3 
6 

12 

0 

4 

1 


2 


4 


10 

X 

1 

2 

1 

2 

12 

13 

1 

1 

2 

1 

1 

1 

3 
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European magpie (Pica pioa) 1 

American mag’pie (Pica pica hud- 

sonica) 2 

I’iplng crow (Gymiiorhina tibicen ) — 2 

Giant kingfislier (Dacelo ffigas) 1 

Snlpliur-crested cockatoo (Cacatua ga- 

lerita) ^ 

Wliite cockatoo (Oacaiita alha) 6 

Leadbeater’s cockatoo (Cacatua lead- 

heateri) 1 

Bare-eyed cockatoo (Cacatua gym- 

nopis) 2 

Roseate cockatoo {Cacatua roseica- 

pilla) 3 

Gang-gang cockatoo (Gallocephalon 

galeatum) 1 

Yellow and blue macaw (Ara aiaiau- 

nea) 2 

Red and yellow and blue macaw (Ara 

maeao) 3 

Red and blue macaw (Ara chlorop- 

tera) 3 

Great green macaw (Ara miUtaris ) — 1 

Kea (Nestor mtaUlis) 1 

Mexican conure (Oonurus holochlorus) 1 

Carolina paroquet (Conuropsis caro~ 

linensis) 2 

Tovi parrakeet (Brotogerys ^ugularis) ^ 1 

Cuban parrot (Amassona leucocephala) - 2 

Orange-winged amazon (Amazona amu' 

stcnica) 1 

Porto Eican amazon (Amazona vit- 
tata'y 1 

Yellow-shouldered amazon (Amazona 

Qcliroptera) 2 

Yellow-fronted amazon (Amazona och- 

rocepUala) 2 

Yellow-headed amazon {Amazona Icvail- 

lanti) 1 

Lesser yasa parrot {Co}acopsi$ nigra)- 2 

Pigeon parrakeet {Palworms colum- 

boides) 1 

Lovebird (Agaporms pullama) 3 

Green parrakeet {Loriculus sp.) 2 

Pennant’s parrakeet (Platycercus eZe- 

gans) 1 

Pale-headed parrakeet {Platycercus pal- 

Udiceps) 1 

Shell parrakeet (M clops ittacus undu’ 

latus) 1 

Great horned owl {Bubo virginianus) - 13 

Arctic horned owl {Bubo virginianus 

subarctiGus) 2 

Screech owl {Otus asio) 2 

Barred owl {Stiiz varia) 2 

Barn owl (Aluco praiincola) 1 

Sparrow hawk (Paleo sparverius) 1 

Bald eagle {Ealimbtus leucocephalus) - 13 

Alaskan bald eagle (Haliceetus leuco- 

cephalus alascanus) 1 

Short-tailed eagle {Terathopius ecauda^ 

tus) 1 

Harpy eagle (Thrasaetus harpyia) 1 

Crowned hawk eagle {Bpizaetus coro- 

mtus) 1 

East African hawk (Buteo sp.) 1 

Red-tailed hawk (Buteo borealis) 2 


Red-shouldered hawk (Buteo Uneatus)- 
Sharp-shinned hawk (Accipiter reloo))- 1 

Venezuelan hawk 1 

Caracara (Polyhorus cberhoay) 3 

Lammergeyer (Qypaetus barbatus) 1 

South American condor (Barcorliam- 

phus gryphus) 2 

California condor (Qymnogyps calif or- 

nianus) 3 

Griffon vulture (G^ps fulvus), 2 

Egyptian vulture (Neophron perenop- 

terus) 1 

Pileated vulture (Neophron pileatus) -- 1 

Turkey vulture (Cathartes aura) 5 

Black vulture (Gatharista urubi) 1 

King vulture (Gypagus papa). 1 

Ring dove (Oolumba palumbus) 17 

Red-billed pigeon (Columba flavlros- 

tris ) 4 

Mourning dove (Zenaidura macroura) - 9 

Peaceful dove (Geopelia tranquilla) 2 

Cape dove ((Ena oapensis) 2 

Crested pigeon (Ocyphaps lophotes ) — 1 

Chachalaca (Ortalis uetula) 3 

Purplish guan (Penelope purpuras- 

cens) 1 

Mexican curassow (Craw globioera) 2 

Chapman’s curassow (Craw chapmant) - 1 

Dauben ton’s curassow (Craw dauben- 

toni) 1 

Wild turkey (Meleagrls gallopavo sil- 

vestris) 18 

Peafowl (Pavo cristata) 37 

Jungle fowl (Gallus bankiva) 1 

Reeves’s pheasant {Phasianus reevesi)- 1 

Golden pheasant (ThaumaJea ptota) 1 

Silver pheasant (Euplocamus nyothem- 

erus) 2 

Black cock (Lyrurus tetrix) 1 

European quail (Goturniw communis) 1 

Hungarian partridge (Perdiw perdix)- 3 

Bobwhite (Colinus virgimanus) 1 

Mountain quail (Oreortyw picta) 4 

Scaled quail (CalUpepla squamata) 2 

California quail (Lophortyw califor- 

mca) 1 

Massena quail (Cyrtonyx montezumce) - 10 

Purple gallinule (Porphyria ccerulea)-. 1 

Black-backed gallinule (Porphyrio me- 

lanotus) 2 

American coot (FuUca americana) 11 

Flightless rail (Ocydromus australis)-^ 2 

Common cariama (Caiiama cristata) - 1 

Demoiselle crane (A nthropoides nirgo) _ 6 

Crowned crane (Baleanca pavonina)- 2 

Sandhill crane ((Prus mewicana) 2 

Australian crane ((Prus australmi- 

ana) 1 

Indian white crane ((Prus leueogera’^ 

nus) 2 

Thick-knee ((Edicnemus grallariua) 1 

Ruff (Machetes pugnaw) 4 

Black-crowned night heron (Nyctico* 

raw nycticoraw nmvius) 81 

Little blue heron (Florida cwrulea) 1 

Louisiana heron (Mydranassa tricolor 
ruficoUis) 1 
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Reddish egret (DicJiromatiassa rufes- 

cens) 3 

Snowy egret {Egretta candidtssima) 4 

Great white heron {Herodtas egretta)^ 1 

Great bine heron {Ardea herodia^) 4 

Boat-hill (Cancroma cochlearia) 2 

Black stork (Ciconia nigra) 1 

White stork {Cioonia cioonia)^ 2 

Mai’abou stork {Leptoptilus duVius) 1 

Wood ibis (Mycteria americana) 2 

Sacred ibis {lUs wtJuopioa) 4 

White ibis (Guara alia) 21 

Roseate spoonbill {A^a^a ajaja) 3 

European flamingo (Phcenicopterus an- 
tiquorum) 6 

Trumpeter swan iOlorlucGinator) 2 

Whistling swan (Olor columManus ) — 2 

Mute swan {Cygnus gillus) 2 

Muscovy duck (Cairlna moschata) 2 

t^'hite muscovy duck ( Cairlna mo8- 

chata) 3 

Wandering tree-duck {Dendrooygna ar- 

cuata) 7 

Fulvous tree-duck (Dendrocygna li- 

color) 2 

Australian wood-duck (Ghenonetta Ju- 

lata) 1 

Egyptian goose {Chenalopess wgypti- 

acus) 1 

Brant (Branta hernicla glauoogaatra) ^ 1 

Canada goose {Branta canadensis) 8 

Hutchins’s goose {Branta canadensis 

hutchinsii) 4 

Lesser snow goose {Chen hyperho- 

reus) 2 

Greater snow goose {Chen hyperhoreus 
nivalis) 1 


American white-fronted goose {Anser 

alhifrons gamleli 6 

Chinese goose {Anser cygnoides) 3 

Red-headed duck {Marila americana)^ 2 

Wood duck (Atau sponsa) 12 

Mandarin duck {Dendronessa galeri- 

culata) 8 

Pintail {Dafila acuta) 6 

Shoveler duck (Spatula clypeata) 3 

Blue-winged teal (Querguedula dis- 

cors) 1 

Green-winged teal {Nettwn carolm- 

ense) 1 

Black duck (Anas rulripes) 2 

Mallard {Anas platyrhynchos) 13 

American white pelican {Pelecanus 

eryfhrorhynchos) 4 

European white pelican {Pelecanus 

onocroialus) 2 

Roseate pelican (Pelecanus roscus) 1 

Brown pelican {Pelecanus occidentalis) 4 

Black-backed gull (Larus marinus) 1 

Herring gull (Boms arpenfafiis) 1 

American herring gull (Larus argenta- 

tus smtihsonianus) 6 

Laughing gull {Larus atrimlla) 3 

Gannet {Sula lassana) 1 

Florida cormorant (PJialacrocoraw auri- 

tus floridanus) 8 

Mexican cormorant (Phalaorocoraw vl- 

gua mexicanus) 1 

Water turkey {AnMnga anhinga) 6 

Somali ostrich (Struthio molyMo-^ 

phanes) 1 

Common cassowary (Ousuarius galea- 

tus) 1 

Common rhea (Rhea americana) 3 

Emu {Bromwus novw hollandicB) 1 


REPTILES, 

Alligsitor (Alligator mississippiensis) 16 Spreading adder {Beterodon platy- 

Painted turtle (Chrysemys picta) 4 rhinus) 

Diamond-hack terrapin (Malacoclemys Green snake {CyclopJm cestivus) 

palustns) 1 Black snake (Zamenis constrictor) 

Three-toed hox-tortoise (Oistudo triun- Coach- whip snake {Zamenis flagellum)^ 

guis) 6 Corn snake (Coluher guttatus) 

Painted box-tortoise (Cistudo omata)^ 5 Common chicken snake (Coluher quad- 

Cophcv tMvtle (Xerohates Polyphemus) ^ 1 rivittatus) 

Duncan Island tortoise (Testudo ephip- Gopher snake (Compsosoma corais coil- 

pium) 2 perii) 

Albemarle Island tortoise (Testudo vi- Pine snake {PttyopMs melanoleucus) 

cina) 2 Bull snake (Pityophis sayi) 

Comb lizard (Ctenosaura sp.) 1 Texas chicken snake (Ophibolus calU- 

Alligator lizard (Scetoporus undula- gaster) 

tus) 2 King snake {OpMhoXus getulus) 

Horned lizard (Phrynosoma cornu- Texa.s g&rtcT sn&kQ (But cema proxima)^ 

turn) 1 Water moccasin {Ancistrodon pisciv- 

Glla monster (Beloderma suspectum) _ 4 orus) 

Green lizard (Lacerta viridis) — 1 Copperhead (Anoistrodon contortrix) . 

Anaconda (Eunectes murmus) 2 Diamond rattlesnake (CrotaUts ada- 

Common hoa. {Boa constrictor) 1 manteus) 

Antillean boa {Boa divimloqua) 1 Banded rattlesnake (Orotalus horH- 

Cuban tree-boa {Epiorates angulifer) 3 dus) 


1 

8 

2 

1 

2 

1 

11 

2 

2 

2 

1 

1 

3 

4 
2 


GIFTS. 


Mr. an^ Mrs. Prankliri Adams, Pan American Union, two Haitian solenodons. 
Miss M. Alexander, Moorefield, W. Ya., a brown Capncbin monkey. 
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Dr. Paul Bartsch, Washington, D. C., two common crows. 

Frederick Carl, jr., Washington, D. C., two screech owls. 

Miss Catharine Carroll, Washington, D. C., a barn owl. 

E, S. Case, Takoma Park, D. C., three blue jays. 

Miss M. B. Cole, Washington, D. C., an alligator. 

Mrs. Mary F. Crown, Washington, D. C., a yellow-headed Amazon parrot. 

Mrs. B. S. Day, Washington, D. C., a common canary. 

Boris de Street, Washington, D. C., an alligator. 

J. R. Eddy, Lamedeer, Mont., an American badger. 

Mr. Eustis, Leesburg, Va., a red-tailed hawk. 

Dr. Cecil French, Washington, D. 0., four Hungarian quail. 

Ouy M. Cribble, Buckbannon, W. Va., a red-tailed hawk. 

Jesse Hand, jr., Belleplain, N. J., two king snakes. 

Mr. C. A. Holland, Fenwick, Va., a bittern. 

Clarence Howard, Washington, D. 0., a copperhead snake. 

B, C. Howe, Washington, D. C., two alligators, 

W. H, Kelly, Sandusky, Ohio, two bald eagles. 

Mr. Lansdale, Washington, D. C., two common opossums. 

Carvel Leary, Washington, D. O., a guinea pig. 

Miss Frances McMullen, Largo, Fla., an alligator snapping turtle. 

0. W. Marks, Berry ville, Va., a black snake. 

S. S. Pasehals, Chevy Chase, Md., two zebra finches. 

L. B. Perry, Gorgona, Canal Zone, a spider monkey. 

F. W. Pilling, Washington, D. C., 10 common canaries, a red-crested cardinal 
and 2 white Java sparrows. 

Mrs. J. E, Pleitner, Washington, D. C., a green Amazon parrot. 

N, Schutz, Washington, D. C., a screech owl. 

John B. Smith, Renovo, Pa., a banded rattlesnake. 

Mrs. H. Clay Stewart, Washington, D. C., two common canaries. 

J. P. Taylor, Washington, D. C., a copperhead snake and a black snake. 

Dr. James R. Tubman, Washington, D. C., a great horned owl. 

United States Bureau of Fisheries, two northern fur seals. 

James Worcester, Washington, D. C., an alligator. 

Unknown donors, a hawk, a parrakeet, and a woodchuck. 

LOSSES OE ANIMALS. 

The most important losses during the year were a pair of clouded leopards, 
a lion, and a young Alaskan brown bear from parasitism; a leucoi-yx, a water 
buck, and a nilgai, from tuberculosis; a female American bison and a caribou, 
in the collection for 10 years, from peritonitis; two solenodons from sep- 
ticemia, and two young fur seals from enteritis and heat stroke. 

Dead animals, to the number of 142, were transferred to the United States 
National Museum. Autopsies were made, as usual, by the Pathological Division 
of the Bureau of Animal Industry, United States Department of Agriculture.^ 


iThe causes of death were as follows: Pneumonia, 10; tuberculosis, 8; pulmonaiy 
edema, 1 ; aspergillosis, 7 ; pseudomembranous tracheitis, 1 ; enteritis, 9 ; gastritis, 1 ; 
gastroenteritis, 7 ; pneumoentoritis 1 ; intestinal coccidiosis, 7 ; peritonitis, 6 ; nephritis* 
2 ; fatty degeneration of liver, 1 ; parasitism, 3 ; stomatitis, 2 ; strangulated hernia, 1 ; 
rupture of gizzard, 1 ; internal hemorrhage, 1 ; abscess of scrotum, 1 ; abscess of head, 1 ; 
unable to deliver young, 1 ; duodenitis, 1 ; colitis, 1 ; echinococcosis, 1 ; necrobacillosis, 1 ; 
pyoscianeusbacillosis, 1; porocephalosis, 1; septicemia, 3; enterotosism, 1; cystitis, 1; 
endocarditis, 1 ; visceral gout, 1 ; sarcomatosis, 2 ; cancer of pouch, 1 ; leukemia, 1 ; 
icterus, 1 ; Impaction, 3 ; duodenal obstruction, 1 ; starvation, 2 ; accidents *aiid 
injuries, 13; killed because unfit for exhibition, 4; result of autopsy indeterminate, 3; 
no cause found, 4 
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statement of the collection. 


ACCESSIONS DTTEING THE YEAR. 

Presented 65 

Received from Yellowstone National Park 1 

Received in exchange 13 

Lent 11 

Purchased 130 

Born and katcked in National Zoological Park 115 


Total 335 

SUMMARY. 

Animals on hand July 1, 1910 1, 424 

Accessions during the year 335 


Total 1,759 

Deduct loss (by exchange, death, and returning of animals) 345 


On hand June 30, 1911 1, 414 


Class. 

Species 

Indlyld- 

uals. 

j 

MaTriTnalR . . . ^ 

157 

636 

Birds 

186 

685 

Reptiles 

33 

93 

Total 

376 

1,414 



VISITORS. 

The number of visitors to the park during the year was 521,440, a daily 
average of 1,428. The largest number in any one month was 95,535, in April, 
1911, a daily average for the month of 3,184. 

During the year there visited the park 169 schools, Sunday schools, classes, 
etc., with 4,966 pupils, a monthly average of 414 pupils. This number is an 
increase over the previous year of 14 schools, 1,083 pupils, and an increase in 
the monthly average of 90 pupils. While most of the classes were from the 
District of Columbia, 47 of them were from neighboring States, and classes 
came from Meriden, Hopedale, Norton, North Attleboro, Clinton, Hudson, and 
Whitman, Massachusetts ; Dover, Peterboro, Lancaster, and Exeter, New Hamp- 
shire ; Bath, Augusta, Biddeford, Gardiner, and Sanford, Maine ; Bellows Falls, 
Vermont; Raleigh, North Carolina; Middleport (two) and Penn Yan, New 
York; Waynesburg, Pennsylvania; and Hartford, Connecticut. 

IMPROVEMENTS. 

A house for zebras, a frame building 85 feet square, was constructed, pro- 
viding four good-sized stalls with yards attached. This is now occupied by a 
male Grant's zebra, the male Grevy's zebra, which was returned from the 
experiment station of the Bureau of Animal Industry at Bethesda, Maryland, 
after use there in breeding, and a hybrid from the latter animal and a do- 
mestic ass. 

The existing yards on the west side of the antelope house were too small, 
and the fences around them, which were of temporary character, had seriously 
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deteriorated. Tlie construction of new steel fences was begun, inclosing a 
considerably larger area than the former yards, and was nearly completed by 
the close of the year. The yards on the north and east sides of the antelope 
house, which had been begun during the previous year, were completed. 

The temporary bird house, which had been in very bad condition, was exten- 
sively repaired. New roof covering was put on, and the wooden floor, some of 
the walls and cages, and much other interior work were renewed. 

Some alterations were made in the large cages in the lion house to permit 
more convenient handling of the animals during feeding and the cleaning of 
the cages The woodwork of this portion of the building was also refiiiished. 

The public comfort room for women, which was in a very dilapidated condi- 
tion, was removed to make way for the yards of the antelope house, and a new 
comfort room was constructed beneath the outdoor cages of the small mammal 
house. A small frame building for the same purpose was erected near the 
Adams Mill Boad entrance, that portion of the park being a much frequented 
resort for women with young children. 

A new public comfort room for men was also constructed in the basement of 
the antelope house, providing permanent conveniences, which are much better 
and more adequate than have existed heretofore. 

The drainage culvert in the beaver valley was extended to the flying cage, 
a distance of 800 feet, thus providing sewerage, as well as for the carrying 
away of surface water without the erosion which had occurred previously. 

Foundations were laid for cages on the east side of the small mammal house, 
and a concrete walk was constructed there. 

Various small improvements and repairs were made. A cage was buUt in 
the lion house with a pool for the young hippopotamus, which was received in 
May ; a paddock with shelter was built for tbe chamois ; an inclosure and pool 
for fur seals; the condor cage and cage for horned owls were extensively re- 
paired ; an inclosure with shelter was built for kangaroos ; an additional watch 
house was built; new wagon scales were set near the shop and coal vault; 
and the heating conduit and mains from the central heating plant were ex- 
tended to the elephant house and zebra house. 

The cost of this work was: 


House for zebras 

New yards on west side of antelope house 

Completing yards on north and east sides of antelope house 

Repairs to temporary bird house 

Alterations and repairs to lion house 

Cage for hippopotamus 

Paddock for chamois 

Inclosure and pool for fur seals 

Repairing condor and owl cages 

Inclosure for kangaroos 

Extending drainage culvert 

New concrete walk and cage foundations at small mammal house, with 

retaining walls, etc 

Additional watch house 

Extending heating conduit and mains 

New wagon scales at shop 

Accessory comfort room for women 

Women’s comfort room 

Men’s comfort room 


$2, 500 
1, 775 
250 
1, 000 
600 
275 
300 
275 
350 
75 
1,500 


1, 050 
125 
400 
250 
350 
750 
750 
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EOADWATS AND WALKS. 

From the appropriation for reconstructing and repairing roadways and walks 
4:, 770 linear feet, or nine-tenths of a mile of road, was treated, from 10 to 45 
feet wide, averaging slightly more than 20 feet, a total of 10,700 square yards. 
The work varied from merely reshaping and supplying a top layer of stone to 
furnishing the ^tire thickness of roadbed material, with considerable excavat- 
ing and filling in some places where the existing grades were too steep. One 
thousand six hundred square yards (the “concourse”) were finished with 
tarvia. The work cost from 22 cents to $1 per square yard, and the total 
amount expended for roads was §7,220. 

During the year 9,260 linear feet, or If miles, of walks were laid or repaired. 
They were from 6 to 16 feet wide, or an average width of about 9 feet, com- 
prising in all 9,230 square yards. Of this about 6,500 square yards was old 
macadam walk, the remainder gravel or dirt walks. ^ A considerable amount of 
excavation and filling had to be done in certain places in order to secure 
reasonably uniform grades, and steps were constructed at points where the 
grade had before been too steep. The walks are of stone macadam, the surface 
treated with tarvia by the penetration method. The cost of laying them was 
from 35 cents to 85 cents per square yard. A considerable amount of work 
had to be done also in providing proper drainage. The total expenditure for 
walks was §7,780. 

Kespectfully submitted. 

Feank Bakes,. Superintendent, 

Dr, Ohaeles D. Walcott, 

Secretary of the Smithsonian Institution, 
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KEPORT ON THE ASTROPHYSICAL OBSERVATORY. 

Sie: I hare the honor to present the following report on the operations of 
the Smithsonian Astrophysical Observatory for the year ending June 30, 1911 : 

EQUIPMENT. 

The equipment of the observatory is as follows : 

{a) At Washington there is an. inclosure of about 16,000 square feet, con- 
taining five small frame buildings used for observing and computing purposes, 
three movable frame shelters covering several out-of-door pieces of apparatus, 
and also one small brick building containing a storage battery and electrical 
distribution apparatus. 

(b) At Mount Wilson, California, upon a leased plat of ground 100 feet 
square in horizontal projection, are located a one-story cement observing 
structure, designed especially for solar-constant measurements, and also a 
little frame cottage, 21 feet by 25 feet, for observer’s quarters. 

There were no important additions to the instrument equipment of the 
observatory during the year. 

In 1909 the Smithsonian Institution, at the expense of the Hodgkins fund, 
erected on the summit of Mount Whitney, California .(height 14,502 feet), a 
stone and steel house to shelter observers who might apply to the Institution 
for the use of the house to promote investigations in any branch of science. 
While this structure is not the actual property of the Astrophysical Observatory, 
it affords an excellent opportunity for observations in connection with those 
taken on Mount Wilson. 


WOSK OF THE YEAE. 

In order to thoroughly confirm the results obtained on the summit of Mount 
Whitney (4,420 meters or 14,502 feet) in 1909, discussed in my last annual 
report, an expedition again occupied that place in August, 1910. The person- 
nel consisted of the director and Mr. G. F. Marsh, of Lone Pine, CaUfomia. 
Nearly all of the equipment for spectrobolometric work had been left on Mount 
Whitney through the winter and was found in good condition. Additional 
apparatus for measuring the brightness of the sky by day and by night was 
carried up by pack train under the care of Mr. Elder, of Lone Fine. The good 
fortune which had attended the 1909 ^ped-ition failed for a moment in 1910, 
and one mule, carrying the silver-disk pyrheliometer and other loading, rolled 
ofiC among the rocks and was killed* The pyrheliometer fortunately received 
no injury. 

Solar-constant measurements were made successfully on Mount Whitney in 
1910 on three successive days. Mr. Fowle made solar-constant observations 
62 
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simultaneously on Mount Wilson. I gi^e below the results obtained at Mount 
Wilson and Mount Wbitney in 1909 and 1910 : 



Sept. 3, 
1909. 

Aug. 12, 
1910. 

Aug 13, 
1910. 

Aug. 14, 

' 1910. 

j 

Solar Constant: 

Mount Wilson 

Mount Will tney 

1, 943 

1 959 

1. 943 

1. 979 

1. 924 

1. 933 

1.904 

1.956 



Taking the mean of the differences between tbe results obtained simultane- 
ously at tbe two stations, it appears that tbe results obtained on Mount AVbitney 
average 1.4 per cent higher than those obtained on Mount Wilson. But con- 
sidering that the optical apparatus used on Mount Wilson comprised a silvered 
glass mirror coelostat, an ultra-violet crown glass prism, and two silvered 
glass mirrors, while that on Mount Whitney comprised only a quartz prism 
and two magnalium mirrors, and, furthermore, that the pyrheliometers em- 
ployed at the two stations were read at very different temperatures, it is prob- 
able that the slight difference found between the results may be due wholly 
to experimental differences and implies no discrepancy due to the difference 
of altitude between the two stations. 

This conclusion seems worth emphasizing. We have now made simultane- 
ously solar-constant determinations at sea level (Washington), at over a mile 
altitude (Mount Wilson), and again at Mount Wilson, and at nearly 3 miles 
altitude (Mount Whitney). Although both the quantity and the quality of 
the solar radiation found at these stations differ very mnch, neither the “ solar 
constant ” nor the distribution of the solar energy in the spectrum outside the 
atmosphere, as fixed by the wholly independent measurements at these three 
stations, differs more than would be expected in view of the unavoidable small 
errors of observation. We seem justified in concluding that we do, in fact, 
eliminate the effects of atmospheric losses and actually determine the true 
quantity and quality of the sun’s radiation outside the atmosphere as we might 
do if we could observe in free space with no atmosphere at all to hinder. 

Expeditions to Mount Wilson have now been made in 1905, 1906, 1908, 1909, 
and *1910. The last, like the others, continued from May until November. In 
the earlier years the observations were not made daily, but in 1908, 1909, and 
1910 daily determinations of the solar constant were made when possible. As 
stated in earlier reports, the results indicate a variability of the sun. In order 
to show the strength of the argument for this conclusion, I give in the accom- 
panying figure a diagram showing all the “ solar constant ” values obtained in 
the first four years of observation (fig, 1). 

The “ solar constant ” results lie between 1.80 and 2.00 calories per square 
centimeter per minute. I call particular attention to the two lafer years. It 
will be noted that successive days’ results march step by step regularly from 
low to high values and the reverse, and that this order of march is not the 
exception, but almost without exception the rule. This seems to render it 
highly improbable that the fluctuations are due to accidental error, for such a 
regularity -of fluctuation is incompatible with that supposition. As it has now 
been shown lliat the altitude of the observing station is immaterial, at least 
for altitudes below 3 miles, it seems also reasonable to conclude that the 
fluctuation is not due to faulty estimates of the losses of radiation in the air. 
Hence the most probable conclusion is that the sun actually varies from day to 
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day in its output of radiation within limts of from 5 to 10 per cent in quantity 
and in irregular periods of from 5 to 10 days. This conclusion I state tenta- 
tively. Before it can be accepted without question it must be confirmed by 
showing that the results obtained day after day at another equally good station, 
at a great distance, confirm those obtained simultaneously at Mount Wilson- 
Such a final test, it is now expected, will be made during the coming fiscal year. 

Summary of solar-constant values. 



Wash- 

ington. 


Mount Wilson. 


Mount Whitney. 


1902-1907 

1905 

1906 

1908 

1909 

1910 1 

1909 

1910 

Times observed 

44 

59 

62 

113 

95 

128 

1 

3 

Mean value ■ 

1.960 

1.925 

1 921 

1 929 

1.896 

1.914 

1.959 

1.956 


I Otiier days of observation not yet ready. 

General mean, 1.922 calories (15® C.) per square centimeter per minute. 
Number of determinations, 405. 


Other observations made on Momt Whitney. — ^Although the main purpose 
of the Mount Whitney expedition of 1910 was served by proving that the 
determinations of the solar constant of radiation are independent of the altitude 
of the observing station, advantage was taken of the unusual opportunity to 
make several other kinds of observations. Kapteyn’s sky photometer was 
employed there on two successive nights to measure the relative brightness of 
the different regions of the night sky and to estimate the total quantity of sky 
illumination per square degree compared with that of a first-magnitude star. 
Xntema had employed similar apparatus in Holland. He found the average 
brightness of the Milky Way about two or three times that of nongalactic 
regions of the sky, such as the north polar region, but that the sky near the 
horizon was of about the same brightness as the Milky Way. He concluded 
that the sky at night is illuminated more by some terrestrial sources of light 
than by the stars. 

The results obtained on Mount Whitney at nearly 3 miles elevation agreed 
in general with those of Yntema. The following is a summary of the prin- 
cipal points. Mean values are given : 

Brightness of night shy. ^ 

[Polar brightness*!. Mount Whitney, 1909-1910.1 



Galactic latitude. I 

Near hori- 
zon. 

0® to±5® 

4:15® to ±30® 

±45®to±60® 

l±60® to±75®j 

Relative brightness 

2 10 

1.25 

1. 19 

i 

1. 17 

1.40 


The total illumination from 1 square degree of polar sky was found to be 
0.0746 that of one first-magnitude star in the zenith. It Is possible that the 
fraction just given may be a little too small, owing to a source of error discov- 
ered after the observations were ended. 
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Computations from the Mount Whitney results confirm Yntema’s conclusion 
that the great increase of brightness toward the horizon can not be due to any 
arrangement of starlight, but must be caused by some terrestrial source of 
light, perhaps a continuous faint aurora. 

Bolometric measurements were made on Mount Whitney to determine the 
relative radiation of the sky by day in all directions, as compared with the 



sun. These measurements were numerous and seem to have been successful, 
but are not yet reduced. 

The sun^s energy spectrum ,* — summary has been prepared showing the mean 
result of determinations of the distribution of the sun’s energy in the spectrum, 
as it would be found outside the atmosphere. The measurements on which it 
is based Include Washington, Mount Wilson, and Mount Whitney work of 1903 
38734°— SM 1911 5 
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to 1910, and Lave been made with many different optical systems. There is 
great difficulty in getting an accurate estimate of the relative losses suffered 
by rays of different wave lengths in traversing the spectroscope. Especially is 
this the case for the violet and ultra-violet rays, where these losses are greatest. 
The summary has shown that further determinations are needed to fix the dis- 
tribution in the extreme ultra violet, and observations for this purpose were 
made in June, 1911, on Mount Wilson, but are not yet reduced. I give below 
the summary, excluding the work of 1911. 

Intenstties in normal solar spectnm, outside the atmosphere. 


[Observed at Washington, Mount Wilson, Mount Whitney, 1903-1910.jj 




P 

P 

P 

P 

P 

P 

Wavelength 

0.30 

0.35 

0.40 

0,45 

0 47 

0.50 

' 0.60 

Intensity 

440 

2,700 

4,345 

6,047 

6,253 

6,064 

5,047 

Probable error (percentage) 

50(?) 

7.3 

1 5 

1.4 

1.8 

1.9 

2.1 

Wavelength 

0.80 

1.0 

1.3 

1.6 

2.0 

2 5 

3.0 

Intensity 

2,672 

1,664 

897 

526 

245 

43 

12 

Probable error (percentage) 

1.2 

0.7 

0.7 

1.4 

2.4 

4.8 

45(?) 


The su'n^s temperature . — If we employ the so-called “Wien displacement 
formula,” which connects the absolute temperature of a perfect radiation with 
the wave length of its maximum radiation, we may proceed as follows, to esti- 
mate the solar temperature, on the assumption that the sun is a perfect 
radiator : 

lm*T=2930. 

If Am«=:0.470 }i then T=6230° abs. 0. 

Another radiation formula is that of Stefan, which connects the total quan- 
tity of radiation of a perfect radiator per square centimeter per minute with 
the absolute temperature. Employing this formula, still assuming the sun to 
be a perfect radiator, its mean distance 149,560,000 kilometers, its mean diame- 
ter 696,000 kilometers, and the mean value of the solar constant of radiation 
1.922 calories per square centimeter per minute, we proceed as follows: 

76.8X10-^^X 3^=1 922 T=6830° abs. 0. 

A third means of estimating the sun’s probable temperature comes from com- 
parisons of the distribution of the energy in its spectrum with that in the 
spectrum of the perfect radiator, as computed according to the Wien-PIanck 
formula of spectrum energy distribution. The sun’s energy curve and that 
of the perfect radiator at two temperatures are given in the accompanying 
illustration (fig. 2). It appears at once from this comparison that the sun’s 
radiation differs greatly from that of the perfect radiator at any temperature. 
The solar radiation is greater in the infra-red spectrum, and much less in the 
ultra-violet spectrum, than that of perfect radiators giving approximately the 
same relative spectral distribution as the sun for visible rays. Taking every- 
thing in consideration, the solar energy spectrum seems most comparable with 
that of a perfect radiator between 6,000® and 7,000® in absolute temperature. 

The causes of the discrepancies we have noted may be several. First, there 
is the infiuence of the selective absorption of rays in the Frannhofer lines. 
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These lines are much crowded toward and within the ultra-violet spectrum, so 
that perhaps this indicates a principal reason for the weakness of the sun’s 
spectrum in that region. Second, it seems probable that we are dealing with 
a mixture of rays from sources at different temperatures. The cause and 



effect of this difference may each be twofold ; For, firstly, at the center of the 
sun’s visible disk we look probably to deeper-lying and hence hotter layers 
than at the sun’s edge, where the line of sight is oblique; and, secondly. 
Since the transmission of the sun’s atmosphere is probably like the earth’s, 
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mucli less for violet and ultia-violet rays tlaan for led and mfia-red ones, we 
probably get infia-red rays from deeper-lying and hence hotter layers in the 
Rini than we do ultra-violet ones 

We conclude that the solar radiation comes from sources ranging in tem- 
peratuze peihaps between the limits 5,000° and T,000° absolute centigrade, but 
mostly fiom souices between 0,000° and 7,000° 

^yahhlnQton observations — Fuithei experiments ha^e been made, 
under Mi Eowle’s diiection, on the transmission of ladiation of gieat 
^ wa\e lengths thiongh long columns of an containing known qualities 
s ^ of watei vapoi Many of these obseivations aie not leclnced, 
so that it IS not yet proper to give a numeiical siunmaiy of 
iGstilts The length of the column experimented upon has been 
mci eased to 800 feet The measiuemeuts cover the infia-ied 
spectium, fioni the A line to a w^a've length of about 37^ 
The observations of the water contents of the air cohimn 
are made by means of pans of wet and diy theimonie- 
ters located at a numbei of points along the path 
The an is thoroughly stnredbefoie leadings Check 
expeiimeuts bv Mr Aldiich, in which he diew the 
air through phosphoius pentoxide tubes and 
weighed the watei absorbed, haie conhrmed 
the accuracy of the watei -vapoi deteiinma- 
tions Mr Fowle has made a preliminary 
compaiison ot the uppei lufra-ied spec- 
tium bands p, a, r, <&, Sk, and P, as 
obseiied thiongh the tube with 
the same bands as obsei’sed 
thiongh the whole atmosphere 
at Washington, Mount Wnson, 

" ' Wi , 

“ -I O' I though 
not >et iipo foi publication, and 
will probably lead to moie exact 
knowledge ot the total quantity 
of watei lapoi m the atmos- 
phere, and its laiiation with 
the altitude of the obseiiei and 
(ho season of the year 
R< (hiction of ohsa latioris — 
Upwaid of lOQ days of solai- 
coiishint measuiements have 
been made on Mount 
Wilson on each of the 
last seveial joais Each 
, day requires the equiva 
lent of thiee full daAs of 
computation This work 

is being done at Washington by Messis Fowle and Aldrich and Miss Gxaies 
and certain graphical parts of it by mmor cleik Segal The solar-constant 
redi-'cfions ai e computed as far as the middle of the obseivmg season of 1910 
Additional comparisons of the Mount Wilson secondary pyr- 
helionieteis have been made with piimaj.y shuidard rz he '!>«'( j No. 3 These 
are not yet ad lodiU^il bul such as have been h •’'» c i ^ ’ 'ji the results of 

the previous ji= *.u \e. i to that we may regard, the scale of absolute pyrheJl- 



Pig 3 — Vbbot silver disk pyrheliometei 
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ometry as now satisfactoiily established, and with it the mean Talne of the 
solar constant of radiation foi the epoch 1905-1910 as fixed at 1922 calories 
pel square centimeter per minute 

Additional copies of the secondaiy silver-disk pyrhelionietei shown in the 
accompanying' illustiation (fig 3) have been standardized and sent abroad by 
the Institution as loans oi pui chases Theie have now been sent copies to 
Russia, Geimany, Fiance, Italy, England, Peru, Argentina, and seveial within 
the United States, making in all 10 copies now m other hands than ouis, be- 
sides several now being made to cider The Institution has undei taken the 
business i elating to furnishing these pyrheliometeis, which aie standardized 
at the A&trophysical Obseiiatoiy, to piomote exact knowledge of the sun and 
its possible vai lability 

STJMMABY 

The year has been distinguished by a successful expedition to Mount Whitney 
The results obt lined there confirm the view that deteiminations of the intensity 
of the solar radiation outside the eaitlTs atmospheie by the spectiobolometric 
method of high and low sun ohseivation are not dependent on the observer’s 
altitude above sea le\el, provided the conditions aie otheiwise good The 
Mount Whitney expedition fumished oppoitunities also foi measuiements of 
the brightness of the sky by day and by night, the influence of water vapor on 
the sun’s spectrum, and the distribution of the sun’s energy spectrum outside 
the atmosphere 

Solar-constant obseivations and closely related researches were continued 
daily at Mount Wilson until November, 1910, and were taken up again in 
June, 1911 

Further leseaich tends to confirm the conclusion that the sun’s output of 
radiation vanes fiom day to day in a manner Irregular in period and quantity, 
but roughly ninning its courses within peiiods of 5 to 10 days in time and 3 to 
10 per cent in amplitude Assurance seems now complete that this result will 
be tested m the next fiscal yeai by long-continued daily obseivations made 
simultaneously at two widely separated stations 

Many copies of the sihei-disk secondaiy i^yiheliometei have been standard- 
ized and sent out to obseners in this and foreign countiies to promote exactly 
compaiable observations of the sun’s radiation 

Measuiements of the tiansparency, for long-wave radiation, of columns of air 
containing known quantities of water vapor have been continued, and promise 
highly interesting results 

Respectfully submitted 

C G Abbot, Director 

Di CnAELEs D Walcott, 

Secietct'iy of the Smithsonian Institution 



Appendix VI 
BEPORT ON THE LIBRARY 

SiK I have the honoi to present the following report on the operations of 
the Library of the Smithsonian Institution for the fiscal year ending June 30, 
1911, which was piepaied by Mi Paul Biockett, assistant libiaiian, who had 
charge until June 1, 1911 

The following improved methods and consolidation of woik have been 
adopted duimg the past five years by the Library, in the inteiest of economy 
and efficiency 

The catalogue has been modified so as to include the author and donor 
cards and all previous records, thus making it necessary to consult only one 
file of cards for any infoimation relatmg to the contents of the Libiary The 
accession record is typewiitten on sheets in accordance with the loose-leaf 
binding system, thus saving the time of copying titles by hand The annuals 
have been tiansfeiied fiom the periodical record to the author catalogue, thus 
avoiding the making of two entries 

A new system of filing letters m numbeied folders, with a card index, has 
been introduced, making easily accessible the coriespondence which, m con- 
junction With the authoi and donoi catalogue, foims a permanent lecoid of 
the exchanges for the Smithsonian publications The old files aie gradually 
being rearranged and incoiporated with the new system 

The lending of books in the reference room and periodical reading room has 
been placed in charge of one peison, in connection with other duties 

The titles of purchased hooks are now entered on cards which are filed 
alphabetically These card entries take the place of entiles on sheets in hook 
form, with card index 

With a thoroughly modem equipment in the way of furniture and lixtuies 
greater improvements could be made than is possible at present 

EiDtemion of space occupied libiary — Tentative plans have been piepared 
and submitted for fiieproof bookstacks and bookcases foi the large hall on the 
main floor of the Smithsonian Building to contain the libraiies of the Govern- 
ment bureaus under the Smithsonian Institution Moie definite plans are now 
in preparation 

International Congress of ArcMvists and Librarians and the International 
Congress of Bibliography and Documentation, — The Institution was represented 
by the assistant librarian, Mr. Paul Brockett, who presented a paper giving the 
views of the Smithsonian Institution in the matter of international exchange 
At the same time he made observations on the methods and arrangement of 
European libraries A separate report on this matter has been submitted by 
him. 

AOOESSIONS 

Eor the Smithsonian deposit, Library of Congress, the accessions recorded 
numbered 3,136 volumes, 1,277 parts of volumes, 3,137 pamphlets, and 489 charts, 
making a lotal oC 8 039 piihllcatlons The accession numbers run from {500,001 
to 604,149 
70 
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'^Clie parts of serial publications entered on tlie card catalogue niimbeied 
24,426, and 1,100 slips for completed volumes were made, and 100 cards for new 
periodicals and annuals 

These publications were forwarded to the Libiary of Congress immediately 
upon their receipt and entry In their transmission 230 boxes were lequiied, 
containing approximately the equivalent of 9,200 volumes The actual number 
of pieces sent, including parts of periodicals, pamphlets, and volumes, was 
26,286 This statement does not, however, include about 3,200 parts of serial 
publications secured in exchange to complete sets and transmitted separately 
Inaugural dissertations and academic publications were received from 
universities at the following places 


Basel 

Bonn 

Berlin 

Breslau 

Cuzco 

Dor pat 

Freibuig i B 

Giessen 

Graz 

Greifswald 


Halle-an-der-Saale 

Heidelberg 

Kiel 

Leipzig 

Liege 

London 

Lund 

Marburg 

New Haven 

Oviedo 


Pans 

Prague 

Rostock 

St Petersburg 

Tubingen 

Utrecht 

Whrzburg 

Zdnch 


Similar publications have been received from the technical high schools at 
Berlin, Braunschweig, Karlsruhe, and Munich 
The office libiary received 440 volumes and pamphlets, and 77 parts of 
volumes and charts, making a total of 517 publications Thirteen volumes were 
purchased for the employees’ library and one received by donation 
As already mentioned, an author catalogue, combining author and donor 
entries on cards of standard size was established this year and has taken the 
place of the previous “ donor ” record Catalogue cards made for the author- 
donor catalogue numbered 3,199 In addition, a new finding list of 820 entries 
was made for the periodicals in the reading room, making a total of 3,619 cards 
The lecatalogumg of scientific serials and annuals was commenced The 
volumes lecatalogued numbered 1,008 

The policy of sending foreign public documents presented to the Institution 
to the Library of Congress without stamping or entering has been continued, 
and the number of publications given above does not include these, nor does 
it include other publications for the Library of Congress received through the 
International Exchange Service 

The woik of checking up and completing the Smithsonian deposit sets of 
publications of scientific societies and learned institutions of the world has 
been continued, and those of France have received special consideration 


DUPLICATES 

For a number of years about 10,000 duplicate Government documents returned 
by the Libiary of Congiess, principally i elating to statistics, weie stored in the 
south tower of the Smithsonian BuildiDg" With the assistance of the Inter- 
national Exchanges during the previous year these pubhcations weie arranged 
and listed and latei the larger part was turned over to the New York Pubhc 
Libra jy to complete its set*' Public documents of the United States were re- 
turned to the Superintendent of Documents. 
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EXCHANGES 

The establishing of new exchanges and the securing of missing paits to 
complete sets of publications in the Smithsonian Libiary requiied the writing 
of 2,600 letters, resulting in the addition of about 100 periodicals and in the 
receipt of about 3,200 missing parts. 

The mall leceipts numbeied 32,64T packages, and 3,500 packages were le- 
ceived through the International Exchange Service The publications con- 
tained theiem were stamped and distributed foi entry fiom the mail desk 

About 4,453 acknowledgments weie made on the legulai foims m addition 
to the letters which weie written in acknowledgment of publications received 
in response to the requests of the Institution for exchange 

New exchanges of the annual reports of the American Historical Association 
from the allotment agreed upon for that purpose resulted in the acquisition 
of a number of publications of historical societies thioughout the world, which 
weie added to the Smithsonian deposit m the Libraiy of CougiesS 

EEADIWG BOOM 

The peiiodical bins in the leading loom were rearianged and, as already 
mentioned, a new finding list was made out on caids which were arianged 
alphabetically Publications no longer consulted were transferred to the per- 
manent sets, eithei in the Smithsonian deposit or in some one of the libraries 
of the Oo\ eminent blanches ot the Institution to which they belong This 
gives the Institution and its branches a thoionghly useful x>eiiodical reading 
room 

As many of the publications kept in this loom are not to be found in othei 
Ameiicau libiaiies, they are consulted not only by Washington imestigators, but 
by some from other centers During the yeai the scientific staff of the Institu- 
tion and its blanches made use of 131 bound volumes ot peiiodicals, and 
2,949 parts of scientific peiiodicals and popular magazines In addition, tne 
various bmeaus of the Government continue to avail themselves of the oppoi- 
tumty to use these publications, as well as those m the sectional hbiaiies of 
the branches of the institution, and the libiaiy is frequently visited by m- 
vestigatois fiom all parts of the woild. 

ABT ROOM 

No additions were made to the ait objects or engravings in this room dining 
the past year With the additional space available for the use of the Division 
of Graphic Arts in the National Museum, it is expected that some of the 
engiavmgs will be exhibited there 

THE EMPLOYEES’ EIBBARY 

The books added to this library by purchase numbered 13, and one publlca 
tion was presented By binding, 415 ^ olumes of peiiodicals were made available 
for euculation The total uumbei of books borrowed was 1,ST6 A number 
of hooks bolecled esjiecially foi the purpose weie sent to the National Zoological 
Paik, as in piemon*, jeais 

LIBEABIES OP THE SMITHSONIAN BRANCHES 

Vmted Sides "Naiicnal Museum — The congestion m th*'' n i*n riujiv 
reported last jeai has been xelieved to a certain extent 1 i', * ipc’,* 

craployinent of foui cataloguers and the assignment of sp d nn no oj ihe 
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galleries in the old Museum building for soiting and airanging ail the duplicate 
mateiial The duplicates were arranged, placed on temper aiy shelving, and 
roughly catalogued, and the question of disposing of such part of them as are 
Dot zequiied in the general library oi by the scientific staff will be taken up 
duiing the eaily pait of the coming fiscal year 
Many impoitaut gifts weie received during the yeai, and the following 
membeis of the staff hare piesented publications Di Theodore N Gill, Mr 
J H Rilej^ Dr C W Richmond, Mi Robeit Ridgway, Di W H Dal], Di 
Paul Baitsch, Mr W H Holmes, Dr Waltei Hough, Di F H Knowlton, Mi 
J C Cl a wf Old, and the late Mr D W Coqmllett 
The Museum libiaiy now contains 40,211 volumes, 6G,674 unbound papeis, 
and 110 manusciipfo The accessions duiiitg the yeai consisted of 1911 books, 
4,014 pamphlets, and 202 xiaits of volumes, 878 books, 1,033 complete volumes 
of periodicals, and 4,181 pamphlets were catalogued 
Attention has been gi\en to tbe piepaiation of -volumes for binding, with the 
result that 809 books weie SPiit to the Government bindeiy 
The numbei of books, peiiodicals, and pamphlets boi lowed fiom the geneial 
libiaiy amounted to 2S028, among which weie 5,582 obtained fiom the Libiaiy 
of Congiess and othei libiaiies, and 4,142 assigned to the sectional libiaiies of 
the Museum 

One sectional library has been added to those already established and the 
complete list now stands as follows 


Admimstiation 
Admmistiatn e assist- 
ant’s office 
Anthropology 
Biology 
Buds 

Botany , 
Comparative anatomy 
Editor’s office 
Ethnology 
Fishes 


Geology 

Hlstoiy 

Insects 

Invertebrate paleontology 
Mammals 

Mai me in\ ei tebi ates 
Mateiia medica 
Mesozoic fossils 
Mmeralogy 
Mollusks 

Oi rental archeology 


Paleobotany 

Parasites 

Physical anthropology 
Piehistoiic aicheology 
Reptiles and batiachians 
Supeimtendent’s office 
Taxidermy 
Technology 

Vertebiate paleontology 


The records of the Museum libiaiy consist of an authois’ catalogue, an 
accession book, a periodical lecoid on standard caids, and a lending lecoid 
This lending record is on cards and includes the books borrowed from the 
Libiaiy of Congiess and other libiaries foi the use of the scientific staff* No 
changes veie made either m the arrangement or In the methods of caiiymg on 
this work 

Letters requesting new exchanges and for the purpose of completing the sets 
already in the Museum library have been given every consideration, and a 
number of titles have been added in this way 
Owing to the crowded condition of the general library, it has been necessary 
to use the reading room as a place for receiving and distributing publications 
for the Museum library The transfer and ariangmg of the duplicates on the 
galleries will lelieve this condition to some extent and make it possible for 
that work to be done elsewhere 

Bureau of Ameiican Ethnology — The report of this library will be made 
by the ethnologist in charge and mcoiporated in his general report 
A&trophysical Observatory — ^A thorough oveihaulmg of this library and the 
iemo\al of duplicates and such other material as xs not needed was undertaken 
during the year As a result, the observatory now has for reference a very 
efficient workmg hbiary relatmg to astiophysics and allied subjects. Dnirng 
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tile yeai 93 volumes and 11 paits of yolnmes were added, making a total addi- 
tion of 101 publications 

National Zoological Park — small lefeience libiaiy of zoological books is 
maintained at tbe paik, to which 15 volumes were added dining the year 
Nummary of accessions — The following statement summarizes all the ac- 
cessions during the yeai, except for the Buieau of American Ethnology, which 
IS sepal ately administered 

S^mlthsonlan deposit m Library of Congress, including paits to com- 
plete sets 11,239 

Smithsonian ofBce, Astrophysical Observatory, National Zoological Park, 

and International Exchanges 676 

United States National Museum Library 6, 127 

Total IS, 042 

Respectfully submitted 

F W True, 

Assistant Secretary in cJiai ge of Library and Bxohanges. 
Dr Charles D Walcott, 

Secretary of the Smithsonian Institution 
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EEPORT ON THE INTERNATIONAL CATALOGUE OF SCIENTIFIC 

LITERATURE 

SiE I have the honor to submit the following report on the operations of 
the Umted States Bureau of the International Catalogue of Scientific Literature 
for the year ending June 30, 1911, together with a report of the proceedmgs 
at the Second International Convention of the International Catalogue of 
Scientific Literature held in London July 12 and 13, 1910, outlining the general 
condition of the whole enterprise 

The appropriation made by Congress foi the maintenance of the bureau 
duimg the yeai was $7,500, an increase of $1,500 over the appropriation for 
the previous year 

Five persons are regularly employed in the bureau, and the services of 
temporary clerical assistants occasionally engaged 
In Older to properly analyze and classify the many scientific works now 
being published in the United States it is not only desirable but necessai’y to 
obtain the advice and assistance of scientific men who are specialists in the 
several sciences included in the scope of the catalogue, and the increase of 
$1,500 in the appropriation foi the catalogue this year has made it possible to 
have some of the more technical papers referred to such specialists 

It is a mattei of gratification to report that the utmost interest has been 
shown by all the scientific men who have been approached for aid, and that for 
a nominal sum classification citations axe piepared and furnished to the bureau, 
thus rendering it possible for the scientific publications of the United States 
to be not only indexed In a thorough bibliographical manner, but also, when 
necessary, classified by specialists The classification numbers used in the 
subject-catalogue lefei to the subject-contents of the papers cited, and furnish 
the equivalent of an abstract of each papei indexed 
During the year 26,020 caids were sent from this buieau, as follows 
Literature of — 


1901 

3 

1902 


1903 

„ 

28 

X904 > 

81S 

1905 

12Q 

1906 

^ S74 

1907 

423 

1908 

1 301 

1909 

3 330 

1910 



Total 26, 020 

Thirty-two regional bureaus are now cooperating m the preparation and 
publication of the International Catalogue of Scientific Literature, The cata- 
logue cou-i'-ls of IT annual volumes published by a central bureau m London, 
I ho logional buioau-. are maintained by the countries they represent, usually 
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by dll Get governineutal grants, tbe central bureau is maintained by funds de- 
rived fiom subsciiptions to tbe work Supreme control of tbe enterprise is 
vested la a body known as an international convention wbicb met in London in 
1905 and again in July, 1910, thereafter to meet every 10 yeais Each 
countiy maintaining a legional bureau has tbe light to send delegates to 
this eomention Tbe assistant in charge of tbo legional bureau for tbe TJnifed 
States was appointed by tbe Secretary of tbe Smithsonian Institution to lepre- 
seut tbe United States at tbe second international convention Tbe pimcipal 
couutiies of tbe world sent delegates to tbe convention as follows Austria, Bel- 
gium, Denmark, France, Germany, Netherlands, India, Italy, Japan, New South 
Wales, Eussici, South Australia, Sweden, tbe United Kingdom, and tbe United 
States 

At tbe opening meeting held in tbe rooms of tbe Royal Society on July 12, 
1910, Sir Archibald Geikie, president of tbe Royal Society, was elected chair- 
man, and Pi of Hemy E Armstiong, P R S , vice chairman Tbe lepoit of 
tbe executive committee was then laid before tbe convention This report 
staled that tbe se\ en annual issues of tbe catalogue already published, compris- 
ing 117 volumes, bad cost tbe London central bureau to edit, print, and pub- 
lish, $257,980, for which $246,410 had been leceived from the subscnbeis to the 
catalogue Each annual issue of 17 volumes had averaged 9,117 pages From 
estimates made it appealed that when the first 10 annual issues were pub- 
lished the leceipts and e\ijeiadatures of tbe central bureau would piobably bal- 
ance, and it was thought that taking into account tbe extent and difficulty of 
tbe enteipiise this lesult would not be unsatisfactoiy 

While tbe gross annual income received from subscriptions has exceeded the 
estimate originally made by an a\eiage of over $8,000, tbe cost of editing and 
printing has been much gieatei than was oiigmally estimated This is due 
mainly to the fact that tbe size of each issue of tbe catalogue has gieatly ex- 
ceeded tbe oiiginal estimate, and also, in a lesser degiee, to tbe fact that an 
edition of 1,000 copies, instead of 500, was printed Tbe working capital needed 
was also laigei than oiiginally estimated, it being necessaiy for tbe Royal 
Society to advance to tbe cential buieau $37,500, on which interest is paid 

Although tbe International Catalogue is uudei stood to be a permanent or- 
ganization it Is one of the duties of each convention to authorize the continu- 
ation of the publication for definite periods Tbe following motion, therefore, 
was made and it was resolved 

That 111 view of tbe success already achieved by tbe International Cata- 
logue of Scientific Literature and tbe great impoitance of tbe objects promoted 
by it It IS imperative to continue tbe publication of tbe catalogue at least dui- 
ing tbe period 1911-1915, and, on recommendation of tbe international council, 
during tbe subsequent five yeais 1916-1920 

After several motions concerning details of organization, it was unani- 
mously voted “ that it is most desirable that a capital fund should be obtained 
for tbe catalogue ” It is now apparent that a capital fund to be at tbe dis- 
posal of tbe cential buiean has been urgently needed since tbe beginning of 
the undertaking Lacking a capital fund, it has been necessary for the cential 
buieau to boiH'w money on which interest has to be paid, and on account of lack 
of fnncl^ it lias been impossible to cany out several plans looking to the gen- 
eial improvement of tbe work Had a capital fund been available m tbe begin- 
ning of tbe enterpiise, it uould not have been necessary for the subscription 
I)uce to be plrced fit such a high figure Consequently, a larger edition could 
have been disposed of and at a lower rate to each subscriber* At tbe session 
of the comcntion on July 13, methods of admmistiation were discussed and tbe 
following lesoluljon passed 
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That each regional bureau be requested to prepare a list of 30 Uinals in each 
science which the catalogue will completely index m the annual issue following 
the year of publication, and that the cential bureau be authoiized to publish 
the lists thus piepared 

The new List of Journals will consist of titles of publications de^oted almost 
exclusively to scientific matters, and these journals will be ghen inecedonce 
in the work of the legional buieaus, though leierences to scientific papers 
published in othei than legular scientific journals will eyentually find a place 
in the catalogue Some such action was necessary on account of the impossi- 
bility of dealing promptly with the vast numbei of semiscientific journals now 
published thioughout the woild, and, as promptness of publication is one of 
the most desirable features in an index-catalogue, it was necessaiy to find 
some means wheieby an index to the more impoitant papeis could be piepaied 
piactically as soon as the papers themselves were published 

To lender it possible to promptly publish future volumes of the catalogue 
the following resolution was adopted 

That the resolution of the yeai 1900 authorizing the central buieaii to close 
these volumes at ditfeient stated dates, each volume to coiiespond to the 
liteiature of a peiiod of 12 months, be confiimed 

The effect of this resolution will be that the sepal ate volumes of the catalogue 
will not necessarily cover the whole calendar year but will cover a period of 
12 months A numbei of discussions then followed, pertaining to plans for 
improvements in the organization and general work of the regional bureaus 
It was then resolved 


That in view of the resolution adopted unanimously by the representatives 
of the various countries constituting the convention, desiring the Royal Society 
to continue its responsibility for the publication of the International Catalogue 
for a fuithei peiiod, the committee appomted be instiucted (1) To take all 
possible steps to prevent reduplication by the publication of several annual 
and similar catalogues and indexes on the same subject, by making ariange- 
ments such as those now m force with the Zoological Society of London 
(2) To obtain fuithei assistance and cooperation in the pi epa ration of the 
maleiial of the catalogue fiom the principal scientific societies and academies 
and the organizations which collect materials foi indexing scientific literature 


The idea now seems to prevail that the organization of the International 
Catalogue of Scientific Literature will gradually be able to cooperate with the 
present editors and publishers of the various scientific indexes and yearbooks, 
so that the annual volumes of the International Catalogue will eventually 
entirely supersede and take the place of all similar publications This will 
not only be of common benefit to the International Catalogue and to the 
societies and piivate individuals now doing such work, but will greatly assist 
scientific investigators and librarians in whose interest the International Cata- 
logue is piepared 

The question of publishing a decennial mdex was then discussed and it was 
decided that on account of the great expense necessarily involved the work 
could not for the present be undertaken The matter was left for the action 
of the next international council, which will be held within the next two years 
During the meeting of the convention the foreign delegates were the recipients 
of mimeious and gracious hospitalities from the Royal Society, the Royal 
Society Club, and individually from the English members of the convention 
Very respectfully, yours, 


LEowAan C Gtjnnell, 

Assistant vn Glvaroe, 


Dr Ghaeles D Walcott, 

Bocretaiy of the Snutlisoman Jnstifatioifr 
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BEPOUT ON THE PUBLICATIONS 

Sib I have the honor to submit the following lepoit on tlie publications of 
the Smithsonian Institution and its branches during the fiscal year ending 
June 30, 1911 

The total number of copies of publications of the Smithsonian Institution and 
its branches distributed during the year was 197,206 This aggregate in- 
cluded 648 volumes and separates of Smithsonian Conti ibutions to Knowledge, 
85,935 of Smithsonian Miscellaneous Collections, 19,622 special publications, in- 
cluding 2,743 volumes on the Harriman Alaska expedition, 518 publications 
not included in the Smithsonian series, 22,482 annual leports and bulletins of 
the Bureau of Ameiican Ethnology, and 110,000 copies of the various publica- 
tions of the National Museum 

I SMITHSONIAN CONTRIBUTIONS TO KNOWLEDGE 

The Langley Memoir on Mechanical Flight which was begun by the late Sec- 
retary Langley in 1904, and continued by Mi Charles M Manly, assistant m 
chaige of experiments, was in type and neaily leady Coi distiibution at the 
close of the year This work forms a pait of volume 27 of the Conti ibutions 
to Knowledge 


II SMITHSONIAN MISCELLANEOUS COLLECTIONS 

In the series of Smithsonian Miscellaneous Collections weie published (1) 
cover and preliminary pages for volume 51, (2) two papers of volume 53, with 
cover, pieliminaiy pages, and index, completing that volume, (3) thliteen 
papers of volume 66, (4) four papers of volume 57, (6) and the Smithsonian 
Physical Tables, by F B Fowle, foxmmg part of volume 58 
The issues of the Smithsonian Miscellaneous Collections during the year weie 
as follows: 

1928 Smithsonian Miscellaneous Collections Covei and prelimmaiy pages for 
volume 54 Octavo Pages v 

1934 Cambiian Geology and Paleontology No 6 Oleneilus and othei Genera 
of the Mesonacidffi By Charles D Walcott Published August 12, 1910 
Octavo Pages 2S1-422 (unpaged index), with Plates 23-44 Volume 53, 
No 6 

1939 Cambrian Geology and Paleontology No. 7 ' Pre-Cambrian Bocks of the 
Bow Biver Valley, Alberta, Canada By Charles D Walcott Published 
August, 1910 Octavo Pages 423-431, with Plates 45-47 Volume 53 No 7 

1940 Cambrian Geology and Paleontology, II Abrupt Appearance of the 
Cambrian Fauna on the North American Continent, Bv Charles D Walcott, 
Published August 18, 1910. Octavo Pages 1-16 Volume 57 No, 1. 
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1941 Notes on a Hoin-fee<iing Lepidopterons Laiva from Africa By August 
Busck Piiblislied July, 1910 Octavo Pages 2 , witli 2 plates Volume 50, 
No 8 

1942 Description of Seven New Species of East African Mammals By Edmund 
Heller Published July 22, 1910 Octavo Pages 5, with three plates 
Volume 56, No 9 

1943 Smith>soniau Miscellaneous Collections Cover and preliminary pages for 
volume 51 Octavo 

1944 Smithsonian Physical Tables Fifth Revised Edition By F E Fowle, 
aid, Smithsonian Astiophysical Observatory Published May 17, 1911 Oc- 
tavo Pages XXXI V, 318 Volume 58, No 1 

1945 New Laudshells from the Smithsonian African Expedition By William 
Healey Dali Published July 22, 1910 Octa\o l-'ages 3 Volume 56, No 10 

1946 Development of the Digestif e Canal of the Ameiican Alligator By Albeit 
M Reese, Piofessoi of Zoology, West Viigmia University Published October 
29, 1910 Octavo Pages 25, with 15 plates Volume 56, No 11 

1947 The Flvmg Apparatus of the Blow-Fly By Di Wolfgang Ritter Hodg- 
kins Fund Published May 11, 1911 Octavo Pages 76, with 20 plates 
Volume 56, No 12 

1949 Cambrian Geology and Paleontology By Charles D Walcott Cover, 
preliminary pages, and index for papers 1 to 7 Published June 1 1911 
Octavo Pages ix, 433-49S Volume 53 

1988 Two New African Ratels By N Hollister Published October 10, 1910 
Octavo Pages 3 Volume 56, No 13 

2003 Descriptions of Ten New African Buds By Edgar A Meams Pub- 
lished December 23, 1910 Octavo Pages 7 Volume 56, No 14 

2004 New Species of Insectivores from British East Afiica, Uganda, and the 
Sudan. By Edmund Heller Published December 23, 1910 Octavo Pages 
8, with one plate Volume 56, No 15 

2005 Some Results of Recent Anthiopological Exploiation in Peru By Ale§ 
HidliSka Published Apiil 26, 1911 Octavo Pages 16, with four plates 
Volume 66, No 16 

2006 New Species of Rodents and Carnivores from Eotuatoiial Afiica Pub- 
lished Febiuaiy 28, 1911 Octavo Pages 16 Volume 56, No 17 

2007 Bihliogiaphy of the Scientific Wiitings of R E 0 Steams By Miss 
Maiy R Stearns With Biogiaphical Sketch by William H Dali Pub- 
lished Aioril :I2, 1911 Octavo Pages 15, with one plate Volume 56, No 18. 

2008 The Silver Disk Pyiheliometei By C G. Ahbot Published March 31, 
1911 Octavo Pages 10, with one plate Volume 56 No 19 

2009 Cambrian Geology and Paleontology II No 2 Middle Cambrian 
Merostomata By Charles D Walcott Published April 8, 1911 Octavo 
Pages 17-40, with six plates Volume 57, No, 2 

2010 Descriptions of Fifteen New African Birds By Edgar A Meams Pub- 
lished April 17, 1911 Octavo Pages 11 Volume 56, No 20 

2011 Cambrian Geology and Paleontology II No S Middle Cambrian Holo- 
thuiians and Medusae By Charles D Walcott Published June 13, 1911 
Octavo Pages 41-68, wit^ Plates 8-13 Volume 57, No 3 

2012 Cambrian Geology and Paleontology II No 4 Cambrian Faunas of 
China By Ghailes D Walcott Published June 17, 1911 Octavo Pages 69- 
108, with Plates 1^17. Valume 57, No 4, 
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The following papeis of Smithsonian Miscellaneous Collections v^eie m piess 

flt the close of the yeai 

2014 Camhilan Geology and Paleontology II No 5 Middle Cambrian An- 
nelids Charles D Walcott Pages 109-144, with Plates lS-23 Volume 
m, No 5 

2015 Descnption of a New Genius and Species of Hummiiigbiid from Panama 
By E W Nelson Volume 56, No 21. 

Ill SMITHSONIAN ANNUAL BEPOETS 

The annual repoit for 1909 was published in January, 1911 

lOSO Annual Report of the Boaid of Regents of the Smithsonian Institution, 
showing Operations, Expenditures, and Conditions of the Institution foi the 
year ending June 30, 1909 Octavo Pages x, 751, with 73 plates and 4 
maps Containing publications 1915, 1916, and 1950-1985 

Small editions of the following papers, forming the general appendix of the 

Annual Repoit of the Boaid of Regents for 1909, were issued in pamphlet form 

1950 The Future of Mathematics By Henri Pomcaie Pages 123-140 

1951. What Constitutes Superiority m an Aiiship By Paul Renaid Pages 
141-156 

1952 Researches in Radiotelegiaphy By J A Fleming Pages 157-1S3, with 
two plates 

1953 Recent Pi ogress in Physics By Sir J J Thomson Pages 1S5-205 

1954 Production of Low Temperatures, and Refrigeration By L Maicliis 
Pages 207-224 

1955 The Nitrogen Question from the Military Standpoint By Chailes E 
Munroe Pages 225-236 

1056. Simon Newcomb. By Ormond Stone Pages 237-242, with one plate 

1957 Solar-radiation Reseaiches, by Jules C^sar Janssen By H de le Baume 
Phil inel Pages 243-251, with one plate 

1958 The Return of Halley’s Comet By W W Campbell Pages 253-250, 
with four plates 

1959 The TJppei Air. By E Gold and W A Harwood Pages 261-269 

1980 The Formation, Growth, and Habit of Crystals By Paul Gaubert 
Pages 271-278 

1981 The Distribution of Elements in Igneous Rocks By Henry S Wash- 
ington Pages 279-304 

1902 The Mechanism of Volcanic Action By H J Jonston-Lavis Pages 
305-316, with 8 plates. 

1063 Conservation of Natuial Resources By James Douglas Pages 317-329 

1064 The Antarctic Land of Victoria By Maurice Zimmermann Pages 
331-353 

1905 8ome Results of the British Antaictic Expedition, 1907-9 By B H 
Shackleton Pages 355-36S, with 6 plates and 3 maps 

19G0 The Oceanography of the Sea of Greenland By D Damas Pages 
369-383, with 2 plates ^ 

1967, Fiom the Niger, by Lake Chad, to the Nile By Lieut Boyd Alexander 
Pages 385-400, with 3 plates 

1968 Mesopotamia. Past, Present, and Future. By Sir William Willcocks 
Pages 401-41C uith 4 plates and 1 map 

1009 Albert Gauciry and the Evolution of the Animal Kingdom. By Ph. 
Glangeaud Pages 417-429 

1970 Charles Darwiu By Auguf-t Weismann Pages 431-452 
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1971 Present Problems in Plant Ecology Problems of Local DisiiibuUon in 
And Regions By Volney M Spalding Pages 453-463 

1972 Tbe Instinct of Self-concealment and tbe Choice of Colors in the 
Crustacea By Romuald Minkiewicz Pages 4G5-4S5 

1973 The Oiigin and Development of the Parasitical Habits in the Cnealidaj 
By C L Barrett Pages 487-^92, with 2 plates 

1974 Some Remaiks on the Protective Resemblance of South Afiican Birds 
By Alwin Haagnei Pages 493-504, with 2 plates 

1975 An inquiry into the History of the Curieut English Names of Noith 
American Land Birds By Spencer Tiottei Pages 505-519 

1976 Condition of Wild Life m Alaska By Madison Giant Pages 521-529, 
with 1 plate 

1977 Recent Discoveries Bearing on the Antiquity of Man in Euiope By 
George Grant MacCuidy Pages 531-583, with 18 plates 

1978 European Population of the United States By W Z Ripley Pages 
585-606 

1979 The Republic of Panama and Its People By Eleanoi Yorke Bell Pages 
607-637, with 14 plates 

1980 Ceiamie Deeoiation Its Evolution and Applications By Louis Fun- 
Chet Pages 639-650 

3981 Some Notes on Roman Aiehitectuie By F T Baggallay Pages 
651-667, with 4 plates 

1982 The Relation of Science to Human Life By Adam Sedgwick Pages 
669-682 

1983 Intellectual Work among the Blind By Fieri e Yilley Pages 683-702 

1984 The Relation of Mosquitoes, Flies, Ticks, Fleas, and othei Arthropods 
to Pathology By G Marotel Pages 703-722 

1985 Natural Resistance to Infectious Disease and its Remfoi cement By 
Simon Flexner Pages 723-738 

The report of the executive committee and Pioceedmgs of the Boaid of 
Regents of the Institution, as well as the repoit of the Secrelaiy, for the 
fiscal yeai ending June 30, 1910, both forming pait of the annual lepoit of the 
Board of Regents to Congress, were published m pamphlet foim in December, 
1910, as follows 

2001 Report of the Executive Committee and Pioceedmgs of the Boaid of 
Regents for the yeai endmg June 30, 1910 Pages 21, with 1 plate 

2002 Report of the Secretary of the Smithsonian Institution foi the yeai end- 
ing June 30, 1910 Pages 89 

The geneial appendix to the Smithsonian Repoit foi IDIO was in type, but 
actual piesswoik could not be completed before the close of the fiscal yeai 
In the general appendix are the following papers 
Melville Weston Fuller, 1833-1910, by Chailes D Walcott 
Ornamentation of Rugs and Carpets, by Alan S Cole 
Recent Progress in Aviation, by Octave Chanute 

Progress in Reclamation of Aiid Lands m the Western United States, by F, H, 
Newell 

Electric Power fiom the Mississippi River, by Chester M Glaik 
Safety Piovisions in the United States Steel Corporation, by David S Beyer 
The isolation of an Ion, a Precision Measurement of its Charge, and the Cor- 
rection of Stokeses Law, by R A. Millikan 
The Telegiaphi of Photographs, Wueless and by Wire by T Thome Baker. 
Modern Ideas on the Constitution of Matter, by Jean liecqiierel 
Some Modern Developments in Methods of Testing Explosives, by Charles E, 
Munroe 
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Sir ■WiUiam Huggins, by W W Campbell 
The Solai Constant of Radiation, by 0 G Abbot 

Astronomical Pioblems of the Sontbein Hemisphere, by Hebei D Cuitls 
The Piogiessiie Disclosuie of the Entire Atmospheie of the Sun, by Dr H 
Deslandres 

Recent Pi ogress in Astrophysics in the United States, by J Boslei 
The Future Habitability of the Barth, by Thomas Ohiowdej Ghambeilin 
What Is Teria Pirma? A review of current lesearch in isostasy, by Bailey 
Willis 

Transpiiation and the Ascent of Sap, by Heniy H Dixon 
The Sacied Eai-Flower of the Aztecs, by William Edwin Saffoid 
Forest Pi esei -nation, by Heniy S Glares 
Alexander Agassiz, 1S35-1910, by Alfred Goldsboiough Mayei 
Recent Woik on the Determination of Sex, by Leouaid Doncastei 
The Significance of the Pulse Rate in Vertebrate Animals by Floience 
Buchanan 

The Natural History of the Sohtary Wasps of the Genus Synagris, by B 
Roubaud 

A Contribution to the Ecology of the Adult Hoatzm, by 0 William Beebe 
Migration of the Pacific Plover to and fiom the Haw^anan Islands, by Henry 
W Henshaw 

The Plumages of the Ostiich, by Prof J E Duerden 

Manifested Life of Tissues Outside of the Oiganlsm, bv Alexis Cairel and 
Montrose T Burrows 

The Origin of Drnldism, by Julius Pokoiny 

Geographical and Statistical View of the ContempOiniy Sla\ Peoples, by 
Lubor Niederle 

The Cave Dwellings ot the Old and New^ Worlds, by J Walter Fewkes 
The Origin of West Afiican Crossbows, by Henry Balfoni 
Sanitation on Farms, by Allen W Freeman 
Epidemiology of Tuberculosis, by Robert Koch 

IV SPECIAL PUBLiOAriONS 

The following special publications were issued during the year * 

1S71 A Reprint of Smithsonian IMathematical Tables Hypeibolic functions 
By George F Beckei and 0 B Van Oistiand Published June, 1911 Octavo 
Pages li, 321 

1932 Classified list of Publications available foi distribution May, 1910 
Octavo Pages 37 July, 1910 

1938 Opinions Rendered by the International Commission on Zoological No- 
menclature Opinions 1 to 35 Octal o Pages 62 July, 1910 

1989 Opmions Rendered by the International Commission on Zoological 
Nomenclature Opinions 26 to 29 Octa\o Pages 63-68 Octobei, 1910 
The following special publication was in Ijpe but had not been issued at the 

cio^ of the year 

2013 Opinions Rendered by the International Commission on Zoological 
Nomenclature 'Opinions 30-37 

HABBIMAK ALASKA SEI5IE8 

The Institution leceived from Mis Edward H Harnman several thousand 
copies of loluines descuptive of the Harnman expedition to Alaska m 1899 
Special Smiihsonian title pages Aveie added to the volumes before distribution 
by the Institution The subjects tvere as loHows 

1990 Wfiunie I Nciiiatne, Glaciei’s Natives By John Burroughs, John Muxr, 
, and George Bird GrinneU Pages 184, with 60 plates and 4 maps. 
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1991 Yolume II Hlstoiv, Geogiaphy, Resouices By William H Dali, 

Charles Keelei, B E Feinow, Heniy Gannett, William H Biewei, 0 Hart 
Meinam, George Bud Gnnnell, and M L Washhiun Pages 200, with 64 
plates and 1 map 

1992 Volume III Glaciers and Glaciation By Gioye Kail Gilbeit Pages 
231, with 17 plates and 1 map 

1993 Volume IV Geology and Paleontology By B K Emeisou, Chailes 

Palache, William H Dali, E O IJlrich, and P H Knowlton Pages 173, 
with S3 plates and 1 map 

1904 Volume V Oiyptogamic Botany By J Cardot, Claia E Cummings, 
Alexander W Eyans, C H Peck, P A Saccaido, De Alton Saundeis, I 
Theiiot and William Tielease Pages 424, with 44 plates 

1995 Volume VHP Insects Pait I Bj William H Ashmead Nathan 

Banks, A W Caudell, O F Cook, RoUa P Cuine, Hainan G Dyai, Justus 
Watson Folsom, O Heidemann, Tieyor Kincaid, Theo Peigaude, and E A 

- Schwarz Pages 238, with 17 plates 

1996 Volume IX Insects Pait II By William H Ashmead D W 

Coqmllett, Tievoi Kincaid, and Theo Pergande Pages 284, with 4 plates 

1997 Volume X Crustaceans By Maiy J Rathbun, Haiiiet Richardson, 
S J Holmes, and Leon J Cole Pages 337, with 26 plates 

1998 Volume XI Nemerteans By Wesley R Coe Bijozoans By Alice 
Robeitson Pages 251, with 25 plates 

1009 Volume XII Enchytrseids By Gustay Eisen Tubicolous Annelids 
By Katheime J Bush Pages 355, with 44 plates 
2000 Volume XIII Land and Pieshwater Mollusks By William H Dali. 
Hydroidb By C C Nutting Pages 250, with 15 plates 

V PtlBLICATIONS OF THE UNITED STATES NATIONAL MUSEUM 

The publications of the National Museum aie (a) The nmuial repoit to 
Oongiess, (b) the Proceedings of the United States National Museum, and (c) 
the Bulletin of the United States National Museum, whmh includes the Con- 
ti ibutions fiom the United States National Heibaiiiim The editorship of these 
publications is m chaige of Di Maicus Benjamin 
The publications issued during the yeai compiised the annual lepoit for 
1910, papers 1750 to 1771 of yolume 38, pioceedings, papeis 1772 to 1845 of 
•volumes 39 and 40, pioceedings, papers 1846, 1847, 1849-1852, 1854, and 1855 of 
yolume 41, pioceedings , dye bulletins and seven parts of volumes of Gontiibu- 
tions fiom the National Heibailiim 
The bulletins weie as follows 

No 71 A Monograph of the Eoiammifeia of the North Pacific Ocean Part II, 
Textulaiiidfe By Joseph Augustine Cushman 
No 73 An account of the Beaked Whaies of the Family Ziphiidee in the Collec- 
tion of the United States National Museum, with Remarks on some Specimens 
in other American Museums By Fredeiick W Tuie 
No. 74. One some West Indian Echinoids By Theodor Moitensen 
No 75 North Pacific Ophiuians in the Collection of the United States Na- 
tional Museum By Hubert Lyman Clark 
No. 76 Asteroidea of the North Pacific and Adjacent Waters By Walter 
Kendrick Fisher 

IjL the series of Contributions from the National Herbarium there appeared' 
Volume 15 The North American Species of Pameum By A S, Hitchcock and 
Agnes Chase. 


^ Volumes VI and VII have not yet been prepared for pubjication. 
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Yoliime 34, Pait 2 History of the Coconut Palm m Ameiica By O P Cook. 
Volume 13, Pait 6 The Type Localities ot Plants Fust De&cnbea fiom New 
Jlexico A Bibliogiciphy of New Mexican Botany By Paul 0 Standley 
Volume 13, Pait 7 A PieUminaiy Treatment of the Genus Castilla By 
Henry Pitlier 

Volume 13, Pait 8 The Genus Talinum in Mexico, by J N Rose and Paul 0. 

Standley, and Two new Species of Harpeiella, by J N Rose 
Volume 33, Fait 9 Studies of Mexican and Cential Ameiican Plants No 7 
By J N Rose 

Volume 13 Part 10 Miscellaneous Papeis By Albeit W O T Herre, William 
H Blown, Joseph H Paintei, Paul C Standley, Edward S Steele, and B A 
Goldman 

VI PULLICATIONS OF IHE BTJEEAU OF AMERICAN ETHNOLOGY 

The publications of the buieau are discussed m detail m another appendix 
of the Secietaiy’s report The editoiial work is in chaige of Mi J G Guiley 
The following eight bulletins weie published by the bmeau during the year 
Bulletin 30 Handbook of Ameiican Indians Noith of Mexico. Edited by 
Frederick Webb Hodge Pait 2 Published 1911 Octavo Pages Iv, 1221, 
with many figures 

Bulletin 37 Antiquities of Central and Southeastern Missouri By Gerard 
Fowke (Report on exploiations made m 1906-1907 undei the - •" 

the Archceological Institute of Ameiica ) Published 1910 Octa ^ 
vu, IIG, with 19 plates and 20 figures 

Bulletin 40 Handbook of American Indian Languages By Franz Boas Pait 
1, With illustratne sketches by Roland B Dixon (Maidu), P E Goddard 
(Athapascan Hupa), William Jones, reused by Truman Michelson (Algou- 
qman), John R Swanton (Tlingit, Haida), William Thalbitzei (Eskimo), 
(Franz Boas Introduction, Chinook, Kwakmtl, Tsimshian, John R Swanton 
and Franz Boas, Siouan) Published 1911 Octavo Pages vii, 1069 
Bulletin 43 Indian Tribes of the Lower Mississippi Valley and Adjacent Coast 
of the Gulf of Mexico By John R Swanton Published 1911 Octavo 
Pages lu, 387, with 32 plates (including 1 map) and 2 figures 
Bulletin 44 Indian Languages of Mexico and Central Ameiica, and their Geo- 
graphical Distribution By Cyrus Thomas, assisted by John R Swanton 
Accompanied with a Imguistlc map Published 1911 Octavo Pages vii, 
108, and 1 map 

Bulletin 45, Chippewa Music By Frances Densmoie Published 1910 Oc- 
tavo Pages XIX, 21G, with 12 plates, 8 figures, and many musical pieces 
Bulletin 50 Preliminaiy Report on a Visit to the Navaho National Monument, 
Arizona By Jesse Walter Fewkes Published 1931 Octavo Pages vii, 35, 
with 22 plates and 3 figures 

Bulletin 51 Antiquities of the Mesa Veide National Park Cliff Palace By 
Jesse Walter Fewkes Published 1911 Octal o Pages 82, wnth 35 plates and 
4 figures 

VII PXTBLICATIONS OF THE SMITHSONIAN ASTROFHTSICAL OBSEEVATOEY. 

There were no new publications issued by the Astrophysical Observatoiy dur- 
ing the year. 

MIT A'^rUPlCAN HISTOBIOAl ASSOCIATION 

The annual lepoits ot the Ameiican Historical Association are tiansmitled 
by the association to the Secret ary ot the Sirnihsonian Tnsriiution and are 
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communicated to Congress under the piovisions of the act of incoipoiation of 
the association 

Volume I of the report for the yeai 1908, sent to the piintei in June, 1909, 
was published m July, 1910 Its contents weie as follows 
Report of the Proceedings of the Twenty-fouith Annual Meeting of the American 
Historical Association By Waldo G Leland, secietaiy 
Repoit of the Proceedings of the Fifth Annual Meeting of the Pacific Coast 
Branch By Jacob N Bowman, secietaiy of the bianch 
Repoit of Confeience on Relations of Geography to History By Eile Sparks 
Proceedings of Confeience on Histoiy in Secondary Schools Edited by Andrew 
C. McLaughlin 

Report of Confeience on Reseaich in English History By Eclwaid P Cheyney 
Report of Confeience on Research in American Colonial and Rerolutionary His- 
tory By Herbert L Osgood 

Repoit of Conference on Research in Southern History By Lyon G Tylei 
Report on Fifth Annual Confeience on the Pioblems of State and Local His- 
torical Societies By St. George L Sionssat 
The Viceroy of New Spam in the Eighteenth Century By Don E Smith 
Notes Supplementary to any Edition of Lewis and Claik By Fredeiick J 
Teggait 

The Historical Value of the Census Records By Joseph A Hill 
The American Newspapers of the Eighteenth Century as Souices of History 
By William Nelson 
The Wilderness Campaign 

1 Grant's Conduct of the Wilderness Campaign By Gen Edward P Alex- 

ander, Confederate States Army 

2 Lee's Conduct of the Wilderness Campaign By Col William R Liver- 

more, United States Army 

3 The Wilderness Campaign from Oiii Present Point of View By Maj 

Eben Swift, United States Army 

Ninth Annual Report of the Public Archives Commission By Herman V 
Ames, chan man 

Appendix A Repoit on the Archives of the State of IMaine By Allen 
Johnson 

Appendix B Report on the Archives of the State of Missouri By Jonas 
Viles 

Appendix C Repoit on the Archives of the State of Washington By 
Jacob N Bowman 

Appendix D List of the Joiunals of the Councils and Assemblies and the 
Acts of the 13 Original Colonies in Ameiica Preserved in the Public 
Record Office, London Edited by Charles M Andrews 
Volume II of the 1908 report, sent to the printer April 26, 1910, had not been 
entirely completed June 30, 1911 It will be made up, for convenience, in two 
parts, pages 1-807, S08-1G17, contammg Parts II and HI of Texas Diplomatic 
Correspondence Edited by Prof George P Garrison 
The manuscript of the 1909 report, to form one volume, was sent to the 
printer January 10, 1911, and was practically all in type before June 30, 1911 
The manuscript of the 1910 report was sent to the printer June 3. 1911 

IX SOCIETY OE THE DAUGHTERS OE THE AMERICAN REVOLUTION 

The maniisciipt of the Thirteenth Annual Repoit of the National Bociety of 
the Daughters of the American Revolution, foi the year ending October U, 
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1910, was lecened fiom the society February 24, 1911, and was communicated 
to Congiefao on Febiuaiy 27, in accoi dance with the act ot mcoipoiation of 
that organization 

X SMITHSONIAN ADVISORT COMMITTEE ON PRINTING AND PUBLICATION 

The ed^toi has continued to ser\e as secietaiy of the Smithsonian advisory 
committee on punting and publication To this committee have been ref ei red 
the maniisciiplb pioposed for publication by the various blanches of the Insti- 
tution as Mell as those ohered for piintmg in the Smithsonian Miscellaneous 
Collections The committee also consideied foims of routine blanks and vari- 
ous matters pertaining to printing and publication, including the qualities of 
papei suitable foi text and plates Twenty-four meetings weie held and 115 
mamisciipts weie acted upon, 

Respectfully submitted 

A Howard Clark, JUditor, 

Dr Charles W Walcott, 

^ecTGta'i y of the Bni/ithsonian ImUtution 



Appendix IX, 


EEPORT ON CONGRESS OP ARCHIVISTS AND LIBRARIANS, AND CON- 
GRESS OP BIBLIOGRAPHY AND DOCUMENTATION 

Sir I have the honoi to piesent the following lepoit as the representative 
of the Smithsonian Institution at the International Congress of Archivists and 
Librarians and the International Congress of Bibliogiaphy and Documentation, 
held at Biussels, Belgium, in August, 1910 
The Congiess of Bibliography and Documentation, the fiist of the two 
congresses at Brussels, held its meetings from Thursday, August 25, through 
Saturday, xVugusl 27 On the punted list of membeis there weie eni oiled 24 
associations, bureaus, and other oiganizations, 34 individual libraiies and 
other institutions, and 100 pel sons by name, mclading duplications on lists 
Poity-six countries weie scheduled as in relation with tlie congress oi with the 
Institut International de Bibliographle, undei whose auspices this congiess 
was held, and theie weie actually present lepresenlatives fiom at least 16 
coiintiies, including, besides the United States, Great Biitam, Fiance, Belgium, 
the Netheilands, Germany, Austria, Russia, Sweden, Switzeiland, Spain, Bul- 
garia, Denmaik, Norway, Monaco, and Turkey, about a hundred peisons being 
actually piesent at most of the meetings 
This congress was officially opened by M Paul Otlet, one of the secietaries 
He spoke of the woik of the Institut International de Bibliographle m collect- 
ing catalogue cards for every known scientific publication and their arrange- 
ment according to the Dewey decimal classification system, also an author’s 
catalogue aiianged alphabetically, a collection of pictuie postal cards of 
institutions and public buildings from all paits of the woild, as well as of 
prominent peisons, and a collection of photographic negatives coveimg all 
subjects, from which pimts could be made, foi persons pui suing a certain line 
of study He explained that by documentation was meant the collection and 
preserving foi leference of a senes of newspapei and magazine clippings with 
their illustiations He refeiied to the International Exchange Service and 
mentioned m glowmg teims the woik of the Smithsonian Institution in oigan- 
izing and conducting the service in the United States The congress then pro- 
ceeded to considei the following subjects 

I Documents 

1 Books, reviews, journals, 

2 Illustrations, foreign photographs; 

3 Archives, ancient and administrative. 

II. Works and collections 

1 Editmg; 

2 Library cataloguing 

3 Collections, 

4 Encyclopedic airangement 
III. Methods 

1 Cards; 

2 Rules and classification 
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IV Service, loan copies and evclianges 

1 Partial, geneial, and special, 

2 National, 

3 Intel national, special, 

4 Intel national, scientific 

The subject of “ Intel national Exchanges ’ was biiefly leviewed, and the fol- 
lowing lesoliition was passed 

It is desiiable to piomote fiiithei developments of international exchange 
sen ice, especially m obtaining fiequent dispatch, in increasing the numbei of 
countiies taking pait in the intei national convention, and in providing for 
gi atm tons tiansmission of all coiiespondence lelative to request for exchanges, 
to the receipts foi publications and to their return It is especially desirable to 
admit free or beneficial associations and institutions to such exchange 
It is desiiable that the Smithsonian Institution, the initiatoi ot the service of 
international exchanges, should itself piomote the levision of the international 
convention of 1S85 foi the purpose of realizing these improvements 

The congiess officially visited the Congo Museum at Tervueien and closed 
with a banquet on the ev enmg of August 27 
The Congiess of Aiohuists and Libiaiians, second to assemble, but first in 
point of numbers and scope, met at Brussels from Sunday, August 28, through 
Wednesday, August 31, under the auspices of the Association of the Belgian 
Aichnists and Libiaiians, M, Louis Stainiei, administratoi -inspector of the 
Boyal Libiary of Belgium, being the official m charge of the pielimmary prepa- 
rations The printed list showed IS countries represented by national com- 
missions (with especial reference to archives), 12 countries represented by offi- 
cial delegates, delegations fiom 9 Belgian learned societies, 49 hbiaiies and 
other institutions entered on the legistiy and 389 individna} names, those last, 
of course, representing the personnel of the representative delegations as well as 
individual members These 389 enrolled participants lepiesented 21 different 
countries, including, besides the United States, England, Canada, Germany, 
France, Belgium, Holland, Austria, Hungary, Spam, Switzerland, Portugal, Rus- 
sia, Italy, Brazil, Cuba, Denmark, Sweden Norway, Luxemburg, and Monaco 
This congi'ess was convened on the afternoon of the 2Sth of August with 
addresses of welcome, and Immediately divided into two sections, the archivists 
and the librarians, which held separate meetings My time was largely de- 
voted to the hbiary section, and the discussions relating particulaily to library 
methods included cataloguing, classification, and the placing of books upon the 
shelves JMy papei on the International Exchange Service, havmg been printed 
in advance and distnbuted, was read by title This papei is as follows , 

Them Is no more impoitant sub:ject to be discussed at the CongiSs Inter- 
national des Aicbiv isles et des Bibliothecaiies than that of the intei national 
exchanges, as the value of that service to libraries can not be ovei estimated 
The time has come when the scientific and learned institutions, the public, the 
reseaich woikers, and the students of literature demand the scientific and 
Iderrn pubiiratlons of the world * 

CuiisulLimg B r "•"Mu “Dans quel sens a-t-il hen de reorganiser et 
iVotendio lo mu’ • h- v . internationaus ” from an American point of 
MOW, u docs noi tipTKsu that ' is what is needed, for a system 

of inleuKUioiud cxcL.iugi =i wor h€' ‘ ' ations 

h<\^ not ^cr o\oi been developed on the lines of 

I ho piCNcnL iiitcinaMoiuii exchange seivice is operating under two conven- 
Ilous made beUvcoii c pi bun powers, and the work is based upon them One 
ot rhe^e, ‘^igmd at Bius-^els in 1886 and officially proclaimed in 1889, made 
pio" 1 |p « (' ( T d- »'ments and scientific liteiary 

pubi /'i u- {ic . 11 "'i.ji u,,- cr.w <iq proclaimed at the same 

tim.‘ D .(l.'il lu ,hi‘ '■■mc'i'} n niO official Journal, as well as 

of u cnaij h\ C\ do, Uj-uf d uic contracting parties. The 
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conventions were bioadly woided and allowed foi tlie adherence of other 
states than those that became signatories at the time The signers were the 
plenipotentiaries of the United States of America, Belgium, Brazil, Italy, Portu- 
gal and the Algarves, Servia, Spam, and the Swi>ss Confederation Later the 
Argentine Republic, Paraguay, and Uruguay signified their adherence, while 
Bolivia, Chile, Colombia, Costa Rica, Prance, Liberia, the Netherlands, New 
South Wales, Peru, Queensland, and Russia ha\e established international 
exchange bureaus without, however, giving then formal adherence to the con- 
ventions Prom this it will be seen that there are eleven states that have 
adhered to the conventions and an equal number that have established bureaus 
without adherence, while Great Britain, Germany, and the other countries 
contribute no funds toward the organizatron of this movement 

It IS therefore obvious that under the existing conditions it is not reorganiza- 
tion but organization that is needed, and this may readily be accomplished under 
the coB'^entions now in force, as they form a firm foundation for a great 
mteinational institution The prorisjous in these conventions made twenty 
years ago may need revision m order to conform to recent international ad\ance- 
ment, and it is possible that the powers that have already agreed to the con- 
ventions and lent their suiDpoit might be willing to reopen them, piovided 
that the powers that have not come m are willing to join in the organization 
of an international exchange sei-vice 

The mteinational exchanges as now earned on are of two classes — scientific 
and literary publications and official Government publications Tho first 
named of these is of the utmost importance to the cause of education, both 
scholastic and technical, which the present service has mater lally advanced 
by enabling individuals and mstitutions of learning to disseminate knowledge 
without lestiiction and practically without cost to themselves The scientific 
mstitutions are appieciating more and more the fact that iheir endowments are 
entirely inadequate to pioride for the many calls made upon them, and if 
in addition to printing then own publications they should have to purchase 
those of foreign institutions and pay the cost of transportation it would mean 
that some part of then work would have to be abandoned It is therefore to a 
system of international exchanges that they must look for relief in this matter 

The Government exchanges sue necessary in order that Governments may 
ascertain what is being accomplished along similar lines m other countries, 
and as such publications are issued at the expense of the Governments they, 
should also be distributed at then evpense 

The International Exchange Service of the United Stales is under the direc- 
tion of the Smithsonian Institution, and was originally inaugurated for the 
purpose of transmitting publications presented by institutions and individuals 
m the United States to correspondents abroad, m exchange for like contribu- 
tions from such recipients, as one of the most efficient means for the “ditosion 
of knowledge among men,” and the entire expense, including that for the 
exchange of documents published by the Government from 1850 to 1881, was 
paid from the private funds of the Institution 

Through the action of Congress, upon recommendation of the ppr.o|fTvidr.f pf 
State, the Smithsonian Institution is recognized by the United " * . 

meut as the American agency for the international exchange of governmental, 
scieiiLirH and literary publications By the congressional resolutions passed in 
1807 and 1001 a certain number of United States Government publications 
are set aside for exchange with those of foreign countries, to be sent regularly 
to designated depositories In accordance with those resolutions there are 
now forwarded abroad 55 full sets of United States official publications and 
33 partial sets, the official journal of the proceedings of Congress, the 
Congressional Record, is transmitted by marl daily to each of the Parliaments 
that IS willing to reciprocate 

During the fiscal year ending June SO, 1909, the number ^ ** 

wa' ” " " 'he international exchanges of the United . ► 

to ■ - I packages were sent direct from this country to the one 

for which they were intended, and from long experience this has been found 
to be the quickest ■'' ' - method During the last jear nearJ^ 

2,000 boxes w cie £■ • ithout the loss of a single consignment 

Shipments mo - . once a month, should the sending be 

but on(‘ package, and to the larger countries orerv week 

A card index is kept of all couespondents and upon these cards are 
recoidcd the packages sent and leceired by each institution and Individual 
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Theie aie now m the United States 3,900 institutions and 8,000 individuals 
lecoided m tins index, wtiile the foieign institutions uumhei 16,500 and indi- 
\iduils 34,232 A list of the foieign societies and institutions is published 
lioin time to time imdei the title of International exchange list,” the latest 
issue being that of 1001 

The public documents leceived fiom abioad m exchange aie placed m the 
Lihiaiy of Oongiess The publications iecei\ed fiom the scientific and learned 
societies and institutions ot the woiUI foim an impoitant part of the Libiaiy 
of the ginithsonun Institutiou, and while these lemam the piopeity of the 
Institution they aie m gieat pait deposited in the Libiaiy of Congress 

The needs of the international exchanges undei piesent conditions may be 
summauzed as follows The adheienco ot ill the civilized nations of the 
woild to the piesent conientious The membeis of the Cougtess of Aichivists 
and Libiaiians can do much to fiuthei the movement by lending then eftorts 
to arouse the luteiest of the scientific and liteiaiy institutions and societies 
and goveinmental authoiities m then lespective countiies, to the end that 
ofhciai action may be taken The sciontihc mstitntions and societies of each 
coiintiy should examine the woikmgs of the mteinational exchange s:^stem 
and solicit exchange of publications fiom like societies abioad, using the 
seiMce as a niedinni of tiansmission 

Gmcinmeiits should pioxide a sufiicient numbei of sets of then official 
publications fui exchange puiposes m older that eich countiy may have a 
full set if closiied, and in addition thcie should be copies of the official louinals 
of the Parliament*-, oi siinilai oodies, foi the inteipailiamentaiy exchanges 

Bureaus alieady established, as well as those to be established, should be 
granted an appiopiiation that will allow the cai lying out in full of the stipu- 
lations of the contentions A well-paid and energetic staff with a well-equipped 
office would insuie expeditious woik and prompt delh evy The present facilities 
foi lapid tiauspoitation would be gieatly inci eased by each international 
exchange office hating the fiankmg piivilege, such as is allowed in the United 
States, and the granting of special concessions by the postal authoiities, through 
the International Postal Union, which could possibly bo arranged should every 
Till ion become a paity to the present contentions 

The intenuUior.' I exchanges should be extended to every quarter of the 
globe, and eftorts should he made to bring th(?^powei& to realize the necessity 
of pexfectmg an institution already established which has tor its object the 

inciease and dittiision of knowledge among men ” 

I gate a icsum<5 of the contents of the above paper and was asked for some 
resolution which could be passed by the congress mcoipoiating a suggestion con- 
tained in the paper “that the members of the Congress of Archivists and Li- 
brarians could do much to fuithei the movement by lending their eftorts to 
arouse the interest of the scieutihc ind literary institutions and societies and 
governmental authorities m then respective countries, to the end that official 
action may be taken ” 

The resolution was presented in English, translated into French, and again 
translated into English, and appears as follows m the Library Journal 

That the scientific and literary mstitutions, as well as the governmental au- 
thorities of all countiies, should unite then efforts to obtain the official pro- 
vision foi international exchanges — VI Q 7 International Exchanges (Paul 
Brockett, Washington) 

Regarding the use of the exchange service by private institutions, M Langlois, 
Biblioth^caire-en-chef de ITnstitut Catholique, of Pans, having experienced some 
difficulty in sending packages from France, presented the foUowmg resolution . 
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I had with me a copy of Aiticle VII of the conventions of 1S86, In both 
English and French, which was read 

Abt VII. The bureaus of exchange will serve, in an official capacity, as in* 
tei medial les between the learned bodies and liteiaiy and scientihe societies, 
etc, of the conti acting States foi the reception and transmission of theii pub- 
lications 

It lemains, howevei, well iindei stood that, in such case, the duty of the 
bureaus of exchange will be confined to the fiee tiansmission of the woiks 
exchanged, and that these bureaus will not in any manner take the initiative 
to bring about the establishment of such relations 

One more resolution was presented 

That the service of international exchanges should be developed in the most 
complete manner in the participating countries, and that like organizations 
should be created in the other States — VIII Q 7 (M Smy, Bruxelles ) 

In connection with attending this congress permission was given me to visit 
the principal libraries of London, Paris, and Beilin, and observations were 
made and are contained in a senes of notes taken down at the time for refer- 
ence in the Smithsonian Libiaiy When the libiaiies weie closed, I occupied 
my time m visiting the museums, taking notes of methods, etc 

Respectfully submitted 

Paul Bbockett, 

Assistant Librarian 


Dr Charles D. Walcott, 

Secretat y of the Smithsonian InsUtuUon 



REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE YEAR 
ENDING JUNE 30, 1911. 

To the Board of Regents of the Smithsonian Institution: 

Yoiu executive committee lespectfully submits the following 
report in i elation to the funds, receipts, and disbiusements of the 
Tnstitiituiii, and a statement of the appropriations by Congress for 
the National Museum, the International Exchanges, the Bureau of 
Ameiican Etlmology, the National Zoological Park, the Astrophysi- 
cal Observatory, and the International Catalogue of Scientific Lit- 
erature for the year ending June BO, 1911, together with balances of 
previous appiopi nations 

SMITIISONIAl^ IXrSTITTTTION 

Condition of the fund July I, 1911 

The permanent fund of the Institution and the souices fiom which 
it has been derived are as follows : 

DEPOSITED THE TRE^STTET OP THE UNITED STATES 


Bequest of Smltlison, 1846 $515, 160 00 

Eesiduaiy lej^aoy of Smithson, 1867 26, 210 63 

Deposit fioni sa-vings of income, 1867 108, 620 37 

Bequest of James Hamilton, 1875 $1, 000 00 * 

Aecnninlated intaest on Hamilton fund, 1895 1, 000 00 

2 , 000 00 

Bequest of vSimeon Habel, 1880 500 00 

Deposits fiom pioeeeds of sale of bonds, 1881 51, 500 00 

(lift of Thomas G Hodgkins, 1801 200, 000 00 

Part of residuary legacy of Thomas G Hodgkins, 1894 8, 000. 00 

Deposit from savings of income, 1003 25, 000 00 

Keslduary legacy of Thomas G Hodgkins 7, 918 69 


Total amount of fund m the United States Treasury 944, 918 69 

OTHER RESOURCES 

Registered and guaranteed bonds of the West Shore Railroad Co , 
patt of legacy of Thomas G Hodgkins (par value) 42,000 00 


Total permanent fund— 986,918.69 


Also four small pieces of real estate bequeathed by Robert Stanton Avety, of 
Washington, D C, 

99 
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That part of the fund deposited in the Tieasnry of the United 
States beais interest at 6 per cent per annum, under the provisions of 
the act of Congress of August 10, 1846, organizing the Institution, 
and the act approved March 12, 1894 The rate of interest on the 
West Shore Eailroad bonds is 4 per cent joer annum The real estate 
leceived from Eobert Stanton Aveiy is exempt from taxation and 
yields only a nominal revenue from lentals 

statement of leceipts and dih^'biu sements fiom July 1, IDIO, io June 30, 1011 

BECEIPT& 

Cash on deposit July 1, 1910 ^ 5f35, 364 88 

Interest on fund deposited lu United States Xieasuiy 

due July 1, 1910, and Jan 1 1911 .1^56, 695 12 

Intel est on West Slioie Ilailrond bonds due July 1, 1910, 

and Jan 1, 1911 1, 6S0 00 

Eepayments, lentals, publications, etc 10, 541 T5 

Contributions fiom ^a^lous souices foi specific purposes- 14 61S 43 

S3, 435 30 


118,800 18 


DISBURSEMENTS 

Buildings, care and lepairs 5, 675 55 

Furniture and fixtures 943 09 

General expenses 

Salaries $16,453 13 

Meetings 230 00 

Stationeiy 916 40 

Postage, telegiaph, and telephone T3S 45 

Freight 105 35 

Incidentals 787 35 

Gaiage 5, 57S 75 

Fuel and lights 213 94 

25, 023 37 

Libiary 2, 847 14 

Publications and then distribution 

Miscellaneous collections 5,295 95 

Contributions to knowledge 230 00 

Reports 640 10 

Special publications 381 16 

Publication supplies 261 88 

Salaries 6, 0T9 31 

Alaska Series 3,149 87 

16, 038 27 

Explorations, researches, and collections..^ 19,169 17 

Hodgkins specific fund, researches and publications 6,127 16 

International Exchanges 4,868.41 

Legal exxionses — 1> 000 00 
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Galleiy of Ait $31 60 

Ad\ ances for field e\penses 4 , 450 70 

Apparatus 200 00 


86,374 52 

Bdlauce June 30, 1011, deposited itli tlie Tieasuiei of tlie United 

States 32, 421^ 66 


118, 800 18 

By authority j youi executive committee again emploj^^ed Mr 
William L Yaegei, a public accountant of this city, to audit the 
leceipts and disbursements of the Pmithsonian Institution dm mg 
the period covered by this repoit The following certificate of ex- 
amination supports the foregoing statement, and is herebj?- approved 

W^ASHINGTON, D C, AUffUSt 5, 19/1 
Hxcctjtive Committee, Board of Kegents, 

Bnutlisomo^n Ini.tituUon 

SiBs I ba^e exammed the accounts and -voucheife of the Smithsonian InstitU' 
tion foi the fiscal jear ending June 30, 1011, and certify the tollowmg to he a 


correct statement 

Total leceipts $83 435 30 

Total disbuisements 86,374 52 

EAcess of clisinn sements o^ ei leceipts 2, 930 22 

Amount fiom July 1, 1010 35,364 88 

Balance on hand Tune 30, 1011 32, 425 66 

Balance shown by Tieasury statement June 30, 1911. 34,445 95 

Less outstanding checks 2, 020 29 

True balance June 30, 1911 32, 425 66 


The voucheis lepresentmg payments Horn the Smithsonian income dining the 
year, each of which bears the appio\al of the secietaiy, oi, in liis absence, of 
Ihe acting secietary, and a certificate that the mateiuils and semces chaiged 
weie applied to Ihe pui poses of the Institution, ha\e been examined m connec- 
tion with the books of the Institution and agiee with them 

(Signed) William L Yaegee, 

Pvl)Hc Accountant and Audiior 

All moneys leceived by the Smithsonian Institution fiom interest, 
sales, lefunding ol moneys temporal ily advanced, or otherwise, are 
deposited with the Treasurer of the United States to the ciedit of the 
Institution, and all payments are made by checks signed by the 
secietary - 

The expendituics made by the disbursing agent of the Institution 
and fuulitcd bi llie Auditor for the State and Other Departments 
are reported in detail to Congress and will be found in the printed 
document. 

Your committee also presents the following = n-p-ai v of a ojii'opria- 
tions foi the fiscal year 1911 intrusted by Congia if> .he i ajc of the 
Smithsonian Institution, balances of previous appropriations at the 



EEPOET OP THE EXECUTIVE COMMITTEE 


95 


beginning of the fiscal year, and amounts unespended on June 30, 
1911 



Available 
after Jtih 1, 
19J0 

B ilanco 
June 30, 1911 

Appropriations committed b> Congress to the caie of the Institution 



International Exchanges, 1909 

04 

ISO 34 

International Exchanges, 1910 

9 500 23 

11 47 

Intel national Exchanges, 1911 
' ) 

32 QUO 00 

2 323 bS 

1 15 

1 1 15 

^ ■ 1 

3,800 50 

237 Ob 


42,000 CO 

2 644 bO 

. . ^ « ,1909 

Astrophysical Observatoiy,1910 

314 50 

i 30b 50 

C)99 01 

119 42 

Astrophysical Observatory, 1911 

13 000 00 

1,0(.3 22 

International Catalogue, 1909 

2 97 

12 97 

International Catalogue, 1910 

212 51 

1 71 

International Catalogue, 191] 

7 500 CO 

437 12 

Elevators, Smitlisonian Buildmg 

10 000 00 

94b 06 

National Museum— 



Euinitare and fixtures, 1900 

G6 G1 

1 Gb 01 

Eurmture and fixtures, 1010 

87 8S5 97 

()0 20 

Fuimtu re and fixtures 1911 

125,000 00 

34 llib 10 

Heatmg and lighting, 1909 

137 ]() 

1 137 16 

Heating and lighting, lOlO 

14,52b 00 

3,592 42 

Heatmg and lighting, 1911 

50,000 00 

9 058 11 

Preset! ation of collections, 1909 1 

322 30 

1 253 t)8 

Preservation of collections, 1910 

23,790 15 

S,4G1 84 

Preservation ofcolkctions, 1911 

300,000 00 

20,023 SO 

Boohs, 1009 

77 05 

1 1 76 

CO Boolcs, 1910 

1 302 08 

19 5G 

Boohs, 1011 

2 000 00 

COS 05 

■pnef O TO 1 01 1 

500 00 


1 

26 1.2 

1 2G G2 


0 48b 30 

20 30 

■ 

15,000 00 

3 513 87 

Temporary occupancy of Government buildings for tubeiculosis con- 

OS 

1 OS 

15 G7S 92 

1 15,678 92 

giess 

" of 11 ashnigton 

109 74 

1 409 74 

‘ lid in g 

24 73 

1 24 73 


77,000 00 

22 902 78 


13 25 

1 13 25 


5 27() GO 

4 5b 


115,000 00 

6, JS9 53 


1 Carded to credit of surplus fund 


Statement of tncome fioni the Smithsoman fund and othet tcicnucs, accrued 
and 1)1 ospccUvG, aiailnhle clunng the fiscal year emlmo June SO, 1912 


Balance June 30, 1911 $32, 425 m 

Interest on fund deposited in United States Tieasuiy, 

due July 1, 1911, and Jan 1, 1912 ?56, 005 00 

Interest on "^est Shoie R R bonds, due July 1, 1011, 

and Jan 1, 1912 1, 6S0 00 

Exebange repayments, sale of publications, lentals, etc— 8, 562 48 

Deposits foi specific pm poses 12,000 00 

78 937 48 

Total available for yeai ending June 30, 1912 111, 363 14 

Respectfully submitted 


A O Bacon, 

Alexander Graham Bell, 
John Dalzell, 

Executive Gormnittee, 

Washington, D C , Deeemher J, 1911. 



PROCEEDINGS OF THE BOARD OF REGENTS OF THE SMITH- 
SONIAN INSTITUTION FOR THE YEAR ENDING JUNE 30, 
1911. 


At a meeting of the Board of Regents held Decetnbei 14, 1909, the 
following resolution was adopted 

Resohetl, Tliat lieieaftei the Buaul of Uegents of the Smitiisoui.m Institii 
tion shall hold theii annual meeting on the second Thnisday in Decembei and 
a surplementaiy meeting on the second Thmsday m Febiuaiy 

In accordance with this lesolntion the board met at 10 o'clock 
a ni , on Decembei 8, 1910, and on Febiuaiy 9, 1911 

ANNUAL MEETINd, DECEMBER 8, 1910 

Present The Plon James S Sherman, Vice President of the 
United States; the Hon John M Harlan, piesiding Justice of the 
United States Supieme Court , Senator S M Cullom , Senator Heniy 
Cabot Lodge, Senator A 0 Bacon, Representative John Dalzell, 
Representative James R. Mann ; Representative William M Howard , 
Di\ Andrew D. Wlnte, the Hon John B Henderson, Mr Charles F 
Choate, ]r.; and the secretary, Mr Charles D Walcott 

The meeting was called to order by the Vice Piesident 

DEATH OF THE CEtANOELLOR 

The secretary announced the death of the chancellor of the Smith- 
sonian Institution, Melville Weston Fullei, Chief Justice of the 
United States, which occurred at Soirento, Maine, on July 4, 1910 

The intelligence of this sad event was received at the Institution m 
the absence of the secretary, and Mr Richard Rathbun, the acting 
secretary, sent a telegram of condolence, both official and peisonaT to 
Mrs Nathaniel Francis, who was with her father at the time of his 
death, Mr. Rathbun attended the obsequies at Sorrento as the repre- 
sentative of the Institution, and accompanied the funeial party to 
Chicago, where interment took place on July 8 

The secretary stated that the advice and suggestions of the chan- 
cellor in relation to matters affecting the Institution that were 
brought to his attention had always been most helpfid He added 
that he had enjoyed a peisonel acquaintance with ilie chancolloi' that 
had tended over 20 years, and that it was wuih a deep sense of the 
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loss sustained by the Institution as Avell as by himself personally that 
he formally announced his death to the Board of Kegents 

Senator Bacon then presented the following resolutions, which on 
motion, were adopted 

Whereas the Board of Regents of the Smithsonian Institution ha\e received 
the sad intelligence of the death, on July 4, 1010, of Melville Weston Fuller, 
Chief Justice of the United States, and for 22 years chancellor of the Institu*- 
tion , therefore he it 

Resolved^ That we desiie here to record our piofound sorrow at the sever- 
ing of the tie that has bound us to him for so long a peiiod of honoied seryice; 
that we feel keenly the loss of a wise presiding officer, whose vast store of 
learnmg and gracious dignity have proved so invaluable in the deliberations 
of this board, and whose loyal interest in the Smithsonian Institution has been 
a souice of Inspiration to his colleagues 

Resolved, That we shaie in the grief of the nation at the passing away of 
one who was at once a distinguished leader of the gieatest legal tribunal of our 
land, an eminent 3 urist, a patriotic citizen, a shining example of Christian 
gentleness, and who also possessed so charming a personality as a man and as 
a friend 

Resolved, That we respectfully tender to the members of the family of our 
late associate our sincei est sympathy in their great bei eai ement 

Resolved, That an engrossed copy of these resolutions be transmitted to the 
family of the late chancellor 

FLECTION OF CHANCELLOR 

The chairman announced as the next business in older the elec- 
tion of a chancellor to succeed the late Chief Justice Fuller. 

Senator Lodge moved — 

That the Vice President of the United States be elected chancellor of the 
Smithsonian Institution. 

Senator Lodge put the question, and, there being a unanimous 
vote in the affirmative, announced that the Vice President was duly 
elected. 

RESOLUTION RELATIVE TO INCOME AND EXPENDITURE. 

Senator Henderson, chairman of the executive committee, pre- 
sented the following customary resolution, which was adopted: 

Resolved, That the income of the Institution for the fiscal year ending June 
30, 1912, be appropriated for the service of the Institution, to hr o^^^ud•d bv 
the secretary, with the advice of the executive committee, with ^ rrioi 

on the part of the secretary as to Items 

ANNUAL REPORT OF THE EXECUTIVE COMMITTEE 

Senator Henderson submitted the report of the executive com- 
mittee for the fiscal year ending June 30, 1910, stating that the 
members of the board had alieady been supplied with copies in 
printed form 

On motion the report was adopted. 
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ANNUAL REPORT OF THE PERMANENT COMMITTEE, 

Senator Henderson presented the following report 

To the Boaid of Regents of the Smith&oman InsUtutton 

Gentlemen Tlie only matter of nnfinislied business in tbe bands of this 
committee is tbe Andrews will case A report upon tbe case was made to the 
board at tbe meeting of Pebrnary 10, 1910, which after discussion was referred 
back to the committee with power to act 

As a result of a very thorough consideration of the matter, it is recom- 
mended by the committee that all proceedings in the Andrews will case be 
dropped 

John B Henbeeson, Ohaiiman 

On. motion the report of the permanent committee was adopted 

ANNUAL REFOET OF THE SECRETARY 

The secretary stated that his report for the year ending June 30, 
1910, had been printed and sent to the members of the board. 

Delay %n formal ofening of the new l)uilding for the National 
Museum.—lLhe secretary said that on account of the nondelivery of 
eases it had been impossible to install the exhibition senes m time for 
the opening of the building before the present Congress adjourned. 
In view of this and of the great desirability of first having the com- 
plete exhibition senes thoroughlv installed and the entire building in 
condition for critical inspection he had thought it best to postpone 
the formal opening until later In the meantime the collections in 
cases were so arranged as to be vieived by visitors 

Additions to art collections — ^The secietary remarked further that 
Mr. William T. Evans had presented 32 more paintings to the col- 
lections illustrating the work of American artists, and that he under- 
stood that Mr Evans contemplated assembling also a collection illus- 
trative of wood engraving, an art which, because of the development 
of the various photo-engraving processes, had practically fallen into 
disuse 

He added that ]\Ir. Charles L. Freei had returned to China for the 
purpose of enlarging his great collection illustrating the early devel- 
opment of Chinese art, all of which it was expected would come to 
the Institution. Many of these articles were exceedingly rare and 
very ditScult to obtain, and the Institution would be most fortunate 
m securing them 

Smithsonian A frican expedition — The secretary stated that Col 
Eoosevelt’s final account of the expedition would be found in the 
secretary’s report to the board This, however, gave the scientific 
results of the expedition in general terms only. Tie woLild ^tate that 
the total amount subscribed for the expedition was ^51,700 and that 
ihe expenditures to date amounted to $48,353 09 leaving a balance of 
$3,340.91, which was being held for expenditures necessary to the 
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completion of the final reports on the expedition being prepared by 
the Smithsonian members of the party. 

The secretary added that the collections weie being permanently 
arranged by the experts of the National Museum It was intended 
to mount certain of the animals in groups, with accessoi:ies, so as to 
show their environment and habits 

On motion the secretary’s report was accepted. 

LANGLEY MEMORIAL TABLET 

Senator Lodge, chairman of the committee on the Langley me- 
morial tablet, reported that the desire of the board that this tablet 
should commemorate the work of Mr Langley in aerial navigation 
had been earned out in a design representing him as seated, engaged 
in a profound study of the great problem The committee had en- 
tered into an arrangement with a New York sculptor to design a 
tablet 4 feet 6 inches high by 2 feet 5 inches wide It had been ex- 
pected that the model could be exhibited at this meeting, but a letter 
had been received from the artist stating that an accident to the 
model necessitated the working over of a large portion of it, and 
therefore it could not be submitted at this meeting 

BIOLOGICAL SURVEY OF THE PANAJMA ZONE 

The secretary stated that the plan for a biological survey of the 
Panama Canal Zone, under the diiection of the Smithsonian Insti- 
tution, was described in his annual repoit, which had already been 
distributed to the Eegents 

Smee the prepaiation of the report, a letter had been written to 
the President outlining the plan, and asking if it would meet his 
approval if cooperation were asked of the Isthmian Canal Com- 
mission of the War Department, the Buieau of Fisheries of the De- 
partment of Commerce and Labor, and the Biological Survey and 
Bureaus of Entomology and Plant Industry of the Department of 
Agriculture The President gave his approval and authorized the 
secretary to communicate with the departments mentioned, which was 
done. All have signified their desire to cooperate and have assigned 
experts to aid m the work The estimated cost of the survey which 
would have to be met by the Institution is $11,000, of which $5,750 
has been subscribed. 

For several years American and foreign naturalists have been 
asking that a biological survey of the Canal Zone be undertaken, 
and various attempts have been made to arrange for such a work. 
The only plan that had matoi’ializcd wa^ one by the Field Museum 
of Natm al Ilistoiy, Ch.cjuo for t IlC core 'i 'or and study of the fishes 
of the Canal Zone. Bv agreement, this woit will now be carried on 
in conjunction with that of the Smithsonian Expedition. 



In answer to Senator Bacon’s inquiry as to the scope of the work 
intended, the secretary said it was to cover studies of the animal 
and plant life of the land and waters of the Canal Zone Such a 
survey is necessaiv before the canal is completed, as it is believed 
that conditiCHis will be changed after the canal is opened to commerce 
and the waters of the Atlantic Ocean aie joined with those of the 
Pacific. The organisms of the various watersheds would then be 
offered a ready means of mingling together, the natural barriers 
would be obliteiated, and the data for a true understanding of the 
fauna and flora placed beyond reach 

THE 5ARRIMAN TRUST AND GIFT 

The secretary stated that he was desirous of establishing at the 
Institution a number of research associateships. He wished to give 
exceptionally strong men an opportunity to do research work with- 
out the care and burden of administrative duties, and with full 
knowledge that as long as their work was properly conducted at 
would be continued and that m the event of incapacity for active 
work, provision would be made for them 

As an illustration, he cited the case of Dr C Hart Merriam, who 
has been provided for through the liberality of Mrs Edward H 
Harriman. He also mentioned that the Caniegie Institution of 
Washington has a numbei of men engaged in special fields of work, 
but added that there would be no probability of duplication of work 
The Carnegie Institution does not undertake exploratory work such 
as that of the African expedition or the biological survey of the 
Panama Canal Zone The field for scientific investigation is exten- 
sive and there aie mmierous worthy j)rojects that can not be under- 
taken because of lack of means. 

In this connection the secretary announced that Dr Merriam’s 
splendid collection of American mammals had been purchased by 
Mrs Harriman for $10,000 and presented to the Institution. 

HODGKINS GOLD MEDAL 

The secretary called the attention of the board to the establishment 
some years ago of a gold medal under the name of “ The Hodgkins 
Medal of the Smithsonian Institution ” This was in honor of Mr. 
Thomas George Hodgkins, the donor of the Hodgkins fund, and was 
to be awarded loi exceptional contributions to our knowledge of 
the nature and properties of atmospheric air, or for original and 
practical applications of existing knowledge of the air to the welfare 
of mankind 

The first Hodgkins medal was awarded m 1898 to Prof. James 
Dewar foi his researches on the liquefaction and solidification of 
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atmospheric air and for his discovery of the extraordinary magnetic 
properties of liquid oxygen The second award of the medal was 
to Prof. J J Thomson in 1902 for his investigations on the conduc- 
tivity of gases, especially on the gases that compose atmospheric air 
It is now proposed to award a third Hodgkins medal, provided it 
is determined that sufficiently merit oiious discoveries or investiga- 
tions of the character mentioned have been made, and in order to 
pass upon the matter an advisory committee on award has been 
appomted. 


PUBLICATION FUND FOR THJB INSTITUTION 

The secretary stated that imder the general appropriation for 
public prmting and binding, the Institution is allotted $10,000 for the 
printing of its annual reports, but that its other publications were 
paid for fiom piivate funds of the Institution. 

He exhibited a set of the publications issued by the Institution 
and its branches during the past two years, many of which had been 
published at the cost of the Institution. 

Mr Mann inquired if the secretary would like to have a larger 
edition of the annual report, to which the secretary replied that it 
would be desirable Mr Mann responded that this might be possible 
by a special resolution for any one year. 

There was some further discussion, during which it was suggested 
that it would be proper for the secretary to speak of the matter of 
an appropriation for the publications of Smithsonian works when 
he was before the Committee on Appropriations. 

DEATH OF OCTAVE CHANUTE 

The secretary lecalled to the hoaid that when the committee on 
award of the Langley medal was appointed, Mr Octave Chanute 
was designated its chairman Mr Chanute died on November 23 
last. His eminence as an engineer and his own important work m 
the science of aeronautics peculiaily fitted him foi the duties of 
chairman of this committee, and his death "Will be a severe blow to the 
new science. 

The secretary added that it seemed best to defer the selection of his 
successor as chairman of the committee for the present. 

FULLER MEMORIAL SEBVICH 

Senator Cullom said that he thought some more formal action 
'should bo taken ]ii regard to the death of Chief Justice Fuller than 
had been adopted at this meeting, and inquired whether the matter 
was being considered. 
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The secretary replied that it had been his intention to request 
certain members of the board to prepare sketches of Chief Justice 
Fuller’s life, which might later be printed in the annual report. 

Senator Cullom added that he would like very much to have an 
address delivered before the Regents by Justice Harlan, who above 
all others was the most competent to prepare it 

After further discussion. Senator Cullom moved — 

That Mr Justice Harlan be requested to deliver, under the auspices of the 
Board of Eegents, and at sucli time as will best suit bis convenience, an address 
upon tbe life and woik of tbe late Chief Justice Melville W Fullei» 

The motion was carried, and Justice Hailan said that he would 
be glad to deliver the address and that he would confer with the 
secretary on the subject 


ADJOURNMENT 

There being no furthei business to come before the board, on mo- 
tion the meeting adjourned and the Regents inspected the exhibit of 
skins and mounted specimens from the African expedition collection, 

REatriiAR MEETIlSra, EEBRUARY 9, 1911 

Present* The Hon James S Sherman, Vice President of the 
United Stales (chancellor), in the chair, the Hon Edward Douglass 
White, Chief Justice of the United States, Senator S M* Cullom, 
Senator A 0 Bacon, Representative John Dalzell, Representative 
James R. Mann, Dr James B Angell, the Hon John B, Henderson, 
the Hon. George Gray, and the secretary, Mr Charles D. Walcott. 

ORDER OF BUSINESS 

In accordance with the previously adopted order of business, the 
following matters weie next reported on by the secretary 

Appomt7nent of Regents — Section 5580 of the Revised Statutes 
provides that the Chief Justice of the United States shall be a 
Regent of the Smithsonian^ Institution The vacancy in the office of 
Chief Justice caused by the death of Chief Justice Fuller has been 
filled by the appointment by the President of Mr Justice Edward 
Douglass White, who therefore, under the operation of the section 
named, becomes a Regent ex officio. 

Dr. James B Angell has been reappointed for a term of six years 
by joint resolution of Congress. 

Closifig up of Aachews v^lll rase — ^At the annual meeting held 
Decembei 8, 1910, the boaid adopted a recommendation of the per- 
manent eoinmitcee that all furthei proceedings m the Andievs will 
case be dropped The instructions of the board have been complied 
with. 
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Fuller meirhonal meeting — It having aj>peaied to be the wish of 
the board at its annual meeting on Decembei 8 last that a formal 
meeting in memory of the late Chief Justice Fuller should be held 
by the Regents, a resolution was then adopted inviting Justice Har- 
lan to deliver such an address on a suitable occasion, the time of 
which was to be left entirely to his convenience* The secretary re- 
grets to report that Justice Harlan has written him to say that he 
iinds himself unable in the near future to comply with the wishes 
of the board 

After discussion, in which it was suggested that the proposed trib- 
ute to the late chancellor take the form of a memorial to be published 
in the annual report, the following resolution was adopted 

Resolved, That tlie secretary be requested to prepaie a suitable memorial of 
the life and woik of the late Chief Justice MelMlle Weston Fullei, chancellor 
of the Smithsonian Institution fiom 1SS8 to 1910, which memoiial is hereby de- 
clared appioved foi Inclusion in the nevt annual lepoit of the Boaid of Regents 

Langley memorial toilet — At the last meeting of the boaid it was 
reported that the Langley memorial tablet had met with an acci- 
dent and would have to be remodeled This wmrk of repair has been 
going on, but no photograph showing the present condition of the 
tablet has been submitted by the sculptor. 

HodgLins gold medal of the InsMufion — ^The committee ap- 
pointed by the secretary to consider whether sufficiently important 
investigations into the phenomena of atmospheiic air in relation to 
the welfare of mankind had been made to meiit the awaid of the 
third Hodgkins gold medal have reported their findings with a 
recommendation, which repoit is now being considered 

Biological survey of the Panama Canal Zone. — The secretary 
stated that the board would recall that at the late annual meeting 
he had spoken of the organization of a biological survey of the 
Panama Canal Zone to include studies of the life of the land and 
waters of that region, and had explained the necessity foi immediate 
action, as the opening of the canal would mingle the waters of the 
Atlantic and Pacific Oceans, which might permanently destroy the 
possibility of a true understanding of the fauna and flora now 
existing there 

Since that meeting a party of naturalists designated to carry on 
the woik has reached the zone, and the collections resulting from 
their work are already arriving. Those engaged in the survey are 
the following* 

Prof. S. E, Meek, of the Field Museum of Natural History; Pro! 
Henry Pittier, of the United States Bureau of Plant Industry ; Mr. 
E. A. Goldman of the United States Biological Survey; Mr. S. F. 
Hildebrand, of the United States Bureau of Fisheries; Mr E A. 
Schwarz and IMr August Busck, of the United States Bureau of 
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Entomology; and Mr William R. Maxoii, of the United States 
National Museum 

Much interest is being manifested in this survey both here and in 
the zone The Republic of Panama is so impressed with the im- 
portance of the work that it has invited the Institution to extend 
the survey into that country 

The Institution is indebted to the Departments of State, Agricul 
^.ure, Commeice and Labor, the War Department, and the Panama 
Railroad & Steamship Co. for courtesies which have insured the 
success of the enterprise 

As previously stated, a very consideiable part of the funds neces- 
saiy for the survey has been leceived by subscription 

Affointment of an additional assistant s^c^^etary — ^The secretary 
called attention to the large increase in the ivork of the Institution 
and its branches, bioiight about by the natural growth of their 
activities and the addition of new ijiterests, and stated that there was 
need for the appointment of an additional assistant secretary 

He desired the permission of the board to appoint to that position 
befoie the close of the present fiscal year Dr Frederick William 
True^ who entered the service of the Institution in 1878, who was 
a zoologist of established reputation, and who was now head curator 
of the Department of Biology in the Umted States National Museum. 
After discussion, the following resolution was adopted : 

Resolved, That tlie proposed appomtment by tbe secretary of E>i Frederick 
Wiliam True as assistant secretaiy of the Smithsonian Institution be appioved 

Bequest of George W Poore — ^The secretary announced that since 
the annual meeting notice had been received that tbe Institution had 
been made the residual legatee of the late George W Poore, of 
Lowell, Mass., who left an estate estimated to be $40,000, under the 
condition that the income from this sum should be added to the prin- 
cipal until a total of $250,000 should have been reached, and that then 
the income only was to be used for the purposes for which the Insti- 
tution was created The portions of the will relating to the bequest 
are as follows : 

Item 7 The large and small photogiaplis of myself I desire giyeu to tbe 
Smitbsonian Institute beremafter mentioned , to be gn eu a place in tbeir Insti- 
tute where they may be seen, as one of tbe conditions of tbe gift to them 
herein made by me 

Item 8 All tbe rest, residue, and remainder of my estate, leal, personal, and 
mixed, of wbatevei name oi natuie and wberevei found oi situate, of wbieb 
I shall die seized, possessed, or entitled, whether at law or in egultv, I give, 
demise, and beciuealb to the Smitbsonian Institute, at Washington, D O, but in 
till'll iieierthele^,^ and upon the condition, In addition to the condition as to 
photographs of ns abo\o, thal the fund lealized from my estate and 

from turning the leal and peisoi'"' , money shall be held foi- 

ever by said Smuhsonian Institule , ^ i , . be called tbe Lucy T., and 

George W Poore fund, aud upon condition that the nicorue only of said fund 
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shall be used foi the pui poses only foi which said Smithsonian Institute was 
created, said Lucy T and Geoige W Pooie fund to be kept sepai ate fiom all 
other funds, and the income fioni the same not to be used until the pimcipah 
by accumulation of the income to be added to the piincipal fiom year to year, 
shall ha^e reached the sum of two hundied and fifty thousand dollais I make 
this gift not so much because of its amount as because I hope it will pro\e an 
example foi other Americans to follow, by supirortmg and encoui aging so wise 
and beneficent an institution as I believe the Smithsonian Institute to be, and 
yet it has been neglected and oier looked by American citizens 

The secretary said my request the Institution’s interests in 
the matter are being looked after by Mr Choate, of the Board of 
Regents, who has assuied me that he will be glad to act as agent or 
attorney for the Institution without charge ” 

The Paul J Rainey e^epedition to Africa , — The secietaiy said 
that Mr Paul J Ramey, of New York City, recently called at the 
Institution and stated that it was his intention to make a hunting 
and collecting trip in Africa, and asked if a man could be sent with 
hmi to prepare the specimens which he wished to present to the 
Institution. The route of travel was to be north of that of the recent 
Smithsonian expedition, through the country lying between the 
northern portion of British East Africa and the southern part of 
Abyssinia Mr Rainey agreed to bear all expenses in connection 
with the trip 

It was thought desirable to accept this offer, as it was hoped to 
add new material to the present collections; and Mr Edmund 
Heller, who was one of the field naturalists on the Smithsonian 
expedition, and who was now engaged in working up that collection, 
had been authorized to suspend woik upon it tempoiarily, and de- 
tailed to accompany Mr Rainey He expected to sail on February 
18, and to be absent about eight months 

Portrait of W ashington — The secretary called attention to a por- 
trait of Gen Washington, which was hanging in the room in which 
the board was then meeting 

This portrait was part of the Lewis collection of Washmgion 
relics purchased by the Government in 1878 and stored for a time 
at the Patent Office When the collection was transmitted to the 
National Museum m 1883, the Commissioner of Patents retained 
this picture, and it is only recently that the matter came up, with 
the result that the portrait was sent to the Institution by the Secre- 
tary of the Interior, Mr Ballinger 

The picture has been attributed to Gilbert Stuart, but a careful 
investigation fails to reveal anything to substantiate the claim, and 
it is now recorded as having been painted by an unknown artist. 
By some it is regarded as a copy o^ an original painting Mrs Lew]^ 
had said that there was a tradition in the family that this con- 
sidered the best likeness of Washington ever painted. 
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American Indian memorial and museum building — It was stated 
by the secretary that a request to Congress to erect m Washington 
an American Indian memorial and museum building, under the con- 
trol of the Secret aiy of the Interior, had been embodied in two iden- 
tical bills designated as follows ‘ House joint resolution 274 and Sen- 
ate bill 9830 

This subject is one which, by direction of Congress, has long been 
fostered by the Smithsonian Institution through the National 
Museum and the Bureau of American Ethnology, all material objects 
being deposited in the former, and all records of investigations in 
the latter The Museum collection is the richest in the world as 
regards the Indians of North America, to which the proposed new 
building is intended to be devoted In extent and variety the col- 
lections of the National Museum are not what they might and should 
be, but this is due to the fact that appropriations sufficient to perfect 
these collections have never been obtainable 

The founding of a new museum, especially under the proposed 
auspices, could only result in the partial duplication of objects and 
records and in an increase in the cost of bringing together a proper 
representation of the North American Indians Should Congress 
take any action in this matter, it would seem desirable that it be 
directed toward giving increased funds for the use of the Institution 
and Museum. If the movement is one tending to bring individual 
help from different parts of the country, such cooperation could best 
be turned toward increasing the present collections, which are already 
extensive and important. 

OommeTGtdl museum — The subject of establishing at the National 
Capital a trade or commercial museum to be maintained at the ex- 
pense of the Government has been recently agitated in connection 
with the Board of Trade of Washington 'W^iile no bill m support 
of such a measure has been submitted to Congress as yet, it is appar- 
ently the intention to request congressional action in connection with 
any celebration which may be held here in commemoration of the 
completion of the Panama Canal 

While such a museum would follow lines in large part not included 
in the plan of the National Museum, yet in some respects the tendency 
would be to duplicate its collections. 

It would, furthermore, appear to those who have given the matter 
consideration that Washington is not the proper place for the loca- 
tion of a museum of this kind. It should be established and con- 
ducted in a large commercial center like New York City. 

PreUstoric ruins— Tha secretary exhibited a number of photo- 
graphs showing the excavations among prehistoiic cliff dwellings 
and pueblo ruins in New Mexico resulting from the joint Work of 
the Bureau of American Ethnologj and the Archeological Institute 
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of Ameiica In one canyon in which these excavations were con- 
ducted the cliff dwellings extend along the wall of the canyon for 
about 2 miles, while in another locality in the same general region 
one of the many pueblo ruins coveis an area of about 600 feet square 
Other photographs were presented showing the excavation and re- 
pair of the celebrated Balcony House in southern Coloiado, conducted 
under the joint auspices of the Smithsonian Institution and the Oolo- 
lado Cliff Dwellers Association Excavations were made also in 
newly discovered cliff dwellings and othei archeological remains m 
northwestern Arizona. 

Field work has been conducted by the Bureau of American Eth- 
nology among the tribes which composed the Creek Confederacy of 
the Southern States, the Tewa Indians of the Eio Grande Valley, 
New Mexico, the Winnebago Indians of Wisconsin and Nebraska; 
the Piegan, Blackfeet, Cheyenne, and Menominee Indians of the 
Algonquian family ; the Chippewa Indians, especially with reference 
to their music; the Osage Indians, now in Oklahoma, and the Iro- 
quois in New York A study of the past and present population of 
the Indians, with the various causes of their decrease, is bemg con- 
ducted, and a bibliography of the Hawaiian Islands is in prepa- 
ration. 

Resignation of Senator Henderson — Senator Henderson stated 
that he had served the Institution as a Eegent for 19 years, but that 
he had now reluctantly come to the conclusion that it was neces- 
sary to relieve himself of all possible work, as the condition of his 
health would not permit him to continue his duties with satisfaction 
to himself and justice to the Institution He therefore desired to 
lender his resignation as a Eegent to take effect at such time as would 
best suit the board’s convenience 

After discussion, the Senator first submitted his resignation as a 
member of* the executive committee to take effect at once, and on 
motion it was carried — 

That the resignation of the Hon John B Hendeison, chairman of the execu- 
tive committee, as a memhei of that committee, be accepted with i egret 

The Senator then presented his resignation as a Eegent to take 
effect March 1, 1911 

Judge Gray offered the following resolution which was unani- 
mously adopted : * 

Whereas the board of Regents of the Smithsonian Institution having learned 
that the Hon John B Hendeison has tendered his resignation as a Regent, a 
position he has filled with signal ability for 19 years ; 

Resolved, That the Regents desire heie to expiess to him theii high apprecia- 
tion (>f his services as a membei of the hoard, their sincere regret at the termi- 
nation of his oflicial connection with the institution, and their cordial good 
wishes f(*i his futiiie health and happiness. 
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Mr Mann then offered the following resolution, which was adopted' 

Resolved, That the resolution ui i elation to the lesignation of the Hon John 
B Hendeison as a Regent of the Smithsonian Institution be engrossed and 
tiansmitted to him 

The chancellor stated that tlie secretary would communicate to Con- 
gress the announcement of Senator Henderson’s resignation 

Eo^ecutwe committee vacancy filled — The matter of the vacancy in 
the membership of the executive committee was brought up, and 
Senator Bacon was nominated for the position After discussion, 
the following resolution was adopted 

Resolved, That the vacancy in the membership of the executive committee, 
caused by the resignation of the Hon John B Hendeison, be filled by the 
election of the Hon A O Bacon 

Models of patents . — Mr Mann said that there were pending in 
Congress bills providing for the destruction of the old models that 
had been on deposit in the Patent Office for many years, and asked 
if the Smithsonian Institution could make any use of them 

The secretary explained that this matter had been brought to the 
Institution’s attention two or three years since, and that about 
12,000 of the models had been selected for the use of the industrial 
exhibit in the Museum Those left were not suited to museum pur- 
poses. 

Adjournment — There being no further business to be transacted, 
on motion the board adjourned 
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ADVERTISEMENT 


The object of the General Appendix to the Annual Report of the 
Smithsonian Institution is to furnish brief accounts of scientific dis- 
covery m particular directions, reports of investigations made by 
collaborators of the Institution, and memoirs of a general charactei 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution 

It has been a prominent object of the Boaid of Regents of the 
Smithsonian Institution, from a very early date, to enrich the annual 
report required of them by law with memoirs illustrating the more 
remarkable and important developments m physical and biological 
discovery, as well as showmg the general character of the operations 
of the Institution, and this pui-pose has, during the gi eater part of 
its history, been carried out largely by the publication of such papei^ 
as would possess an interest to all attracted by scientific progress 

In 1880 the secretary, induced in part by the discontmuance of an 
annual summary of progress which for 30 years previous had been 
issued by weU-known private pubhshing firms, had prepared by com'* 
petent collaborators a senes of abstracts, showmg concisely the prom- 
inent features of recent scientific progress m astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
anthropology This latter plan was continued, though not altogether 
satisfactorily, down to and including the year 18SS 

In the report for 1889 a return was made to the earlier method of 
presentmg a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific mvestigation and dis- 
cussion This method has been continued in the present report for 
I91h 
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THE GYROSTATIC COMPASS ^ 

[With 3 plates ] 


By H Marchand 


The gyrostatic compass may be looked upon as one of the most 
interesting mventions made durmg recent years 

The gyroscope is familiar to all. Nor are we ignorant to-day of 
the fundamental laws which govern it. The great physicist Fou- 
cault first completely formulated them as the result of his profound 
researches on the subject. 

The first of these laws is that a gyroscope with perfect freedom of 
movement — that is, the power to move m any direction, and free from 
the action of gravity — will tend to mamtam the mitial position given 
to it. The second law is that if a gyroscope has only two degrees of 
freedom, m such a way that it can undergo displacement in two planes 
only, it must, if subject to the action of gravity, and provided that it 
IS not at the poles of the earth, tend to place itself so that its axis is 
parallel to that of the earth and accordingly will indicate the direc- 
tion of true north 

A system of this kind is free fiom the errors which affect the mag- 
netic compass, and therefore the idea of taking advantage of it for 
navigation must have early attracted the attention of mvestigators, 
especially as the geneial use of steel m the construction of vessels 
entails grave difficulties in the use of magnetic instruments. 

Formerly the means at hand were msufficient for constructmg a 
satisfactory, practical mstrument, and so, durmg the time of Foucault, 
and even much later, the numerous scientists who approached the 
problem did not meet with much success 
A German mvestigator, Dr. Anschutz, has recently succeeded m 
constructmg an instrument on gyrostatic prmciples which is prac- 
tical In 1900 he commenced the study of a gyroscope with perfect 
freedom of movement Later, however, in 1906, he abandoned that 
foi one havmg only two degrees of freedom 

Even with the latter conditions the problem reqmred great nicety. 
A grave difficulty comes fiom the fact that such a device is affected, 
under oidinary cucumstances, not only by the rotation of the earth 
but also by alJ the forces to which it is subjected because of the rollmg 


1 Translated by yermisbion Jiom Cosmos, Pens, Mca Scries No ISSo, Aug 12, 19j 3 pp 



of the ship Therefore, in order to get a good result, it was necessary 
for the compass to have a very great g 5 rrostatic resistance, so termed, 
opposing energetically any force tendmg to change the direction of its 
axis of lotation, and that the friction of its bearings should be made 
as small as possible A consequence of the latter condition, however, 
would be that the gyrostat would come to its normal position only 
after a relatively long time, oscillating to and fro about that normal 
position Meanwhile it would be subject to new perturbations 

Accordingly one great desideratum was to provide some device for 
lessemng these oscillations, at first, Anschutz tried for this purpose 
a second gyrostat, later he developed a much more simple and effi- 
cient method His gyrostatic compass was tried on the steamer 
Deutschland in 1908 and has smce been used m the German Navy 
It has just been adopted by the English Navy, and other navies are 
also trymg it 

Let us consider its prmciples We know that a g 5 a*oscope once 
started tends to mamtain its axis m an invariable direction, and 
that if any force is applied tending to change this direction, proces- 
sional movement takes place, which displaces the axis perpendicular 
to the direction of the disturbing force Such bemg the case, let us 
imagine a gyroscope, inclosed in an appropriate box, suspended from 
a float which rests in a liquid bath in such a manner that the gyro- 
scope IS perfectly fiee to swmg m any direction like a pendulum 
which 13 at rest, the center of gravity of the system is below the 
metacenter, the gyroscope is mounted at the lowest pomt possible 
Because of its weight the axis of the gyroscope tends to mamtain 
itself, as well as the whole attached mechamsm, in a horizontal 
position 

Let us set the gyroscope disk rotating In the past such rotation 
could be effected only by rough and very unsatisfactory means, now 
have a much more advantageous method at our disposal We 
may, for instance, drive it by a little three-phase motor fed by means of 
fine conducting wires so that the rotation may be kept up mdefinitely 

As soon as the gyroscope disk is in lapid rotation with its axis hori- 
zontal, then if this axis is not in the plane of the terrestrial meridian, 
the rotation of the earth will tend to alter the axis from its original 
position. The gyroscope tends to respond, but, restricted by its 
weight, which forces the axis to remain horizontal, it will undergo 
only a horizontal displacement 

Tliis leads it to take a north and south direction, because as long as 
its axis IS not parallel to that of the earth, the cause of this movement 
is stfll effective, so that if it is sufficiently free to move, it inll indicate 
true north. 

Plate 1 shows a model designed to shov ox[>rijmciua].ly this action 
It coiasists of a small gyroscope, toveu by a small thxee-pbase elec- 
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tiic motor, aud entirely free to turn in any direction were it not for 
two small sprmgs, which serve to represent the attraction due to 
gravity and tend to keep the gyroscope^s axis tangent to the surface 
of the sphere upon which it is mounted. This apparatus may be 
shpped along a large movable metallic circle representing a meridian 
When the sprmgs are detached the axis of the gyroscope tends to 
take an mvanable direction and to depart from it only because of the 
mevitable friction which is present at the pivots 

However, once these springs are attached, if the meridian circle 
IS moved to another place on the globe, then the axis will change so as 
to come mto the plane of the circle, one of its extremities bemg directed 
toward the upper pole of the circle According to the direction of 
the gyroscope and that 
of the circle, one or the 
other end of the axis 
moves so as to pomt to 
this upper pole. 

In the Anschutz 
compass, of which fig- 
ure 1 IS a sectional and 
plate 2 a perspective 
view, the gyrostat is 
similarly driven by a 
three-phase electric 
motor, the float from 
which the gyroscope is 
suspended is a hollow 
bowl of steel partially 
immersed m a mei- 
curybath contamedin 
an annular box, also of 
steel To the top of 
this float IS fixed the 
compass card. The north-south Ime of the card coincides exactly 
with the direction of the axis of the gyrostat 

The small motor which rotates the gyrostat disk is so constructed 
that its stationary part is built on the box of the gyrostat The 
electrical connections to the extenor are made for two of the circuits 
through small cups of mercury. The third circuit passes through the 
mercury bath containing the float and then through the case itself. 
The rotor is rigidly built on the gyrostat disk. It is of one piece, 
spmdle and aU, and made of nickel steel It is provided with ball 
bearings of extra-hard steel and makes 20,000 revolutions per min- 
ute. The axle is of the Laval type or flexible axle Its great 
38734°— SM 1911—8 



TTtg 1 — Anschiitz gyrostatic compass. Vertical section A, three- 
phase alternating-current motor in hox B (the rotor of the motor 
serves as the gyrostat), B, compass card, S, hollow annular steel 
float, floating in the mercury Q and counterbalancing the weight 
of the moving system, K, compass box, suspended as usual by 
gymbals, S, T, special suspension, made of two insulated conduct- 
ors for leading in two branches of the three-phase current, the third 
circuit being made through the floating ring and the surrounding 
mercury 



velocity of lotation frees it from any danger of deformation due to 
shocks. 

A small level is attached to the compass card to assure that the 
instrument is horizontal The whole system is mounted on gymbals 
and attached to the binnacle with springs after the usual manner with 
marme magnetic compasses 

The dampmg of the oscillations of the compass is effected m a very 
ingenious mannei . Near the center and on both sides of the gyrostat 
box are bored small holes A third hole is bored m the surroundmg 
case. The rotation of the gyrostat produces a current of air within 
and a pressure toward the extenor 
The jet of air at its exit is cut by a small blade attached to a 
pendulum. "When the compass is exactly honzontal, the jet is divided 
equally on both sides of the blade If it is not horizontal, the pen- 
dulum displaces the blade with reference to the aperture, then the 
divided portions of the jet of air are no longer equal and a damping 
couple is produced. 

As with other compasses, this, too, is subject to disturbing mfluences. 
But a great advantage of the gyrostatic compasses hes m the fact 
that in all cases the causes of the disturbances are independent of the 
special instrument and may be corrected by specially prepared tables 
Another important property is that the directing force can be made 
much greater than is possible with the magnetic needle. Generally 
it is five times that of an ordinary well- constructed magnetic compass 
Further, smce the axis remams both m the meridional and m the 
horizontal planes, the dial can oscillate only shghtly about the north 
and south direction. This renders it easy to fix contact pomts at 
the extremities of the east and west Ime for the electncal transmission 
elsewhere of the indications af the compass 
A gyrostatic compass equipment consists of a master compass, 
provided with a transmitter, and secondary compasses connected 
electrically with the master The master compass, together with 
the transmitter, is placed m a convenient, well-protected place, and 
the secondaiy ones placed wherever they are needed, or two master 
compasses may be used with two systems of secondary ones. 

The master compass, with its transmitter, of which a photograph 
IS shown in plate 3, figure 1, differs from the others in that the binnacle 
is moved by a reversible electric motor controlled by contacts under 
the gyrostat itself, so that it turns rapidly when necessary and follows 
at all times the motions of the axis of the gyrostat 
It is this moving binnacle which sends the currents controlling the 
secondary compasses and keeps them in synchronism with the master 
compass. The latter carries on its axis the necessary commutator. 

Special secondary compasses are emplo3''ed, as shown in the illus- 
tration (pi 3, hg 2) It mai” be noted that it has at its center a 
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second limb; which makes one complete rotation for each 10 degrees 
of deviation and thus renders visible very small deviations. The 
current for the motors of the gyrostat and of the transmitter is fur- 
nished at 120 volts, 333 periods per second by a 16-pole motor 
generator working on an ordinary direct-current hghtmg circuit It 
runs at a speed of 2,500 turns per minute. The motor of the gyrostat 
is bipolar An Ajischutz compass uses normally 700 watts Besides 
the apparatus already described, there is furnished a short description, 
with the necessary directions for starting the compass and regulating 
it Ammeters are placed in each of the three circuits; and a voltmeter 
may be connected between any two of them For each wire there is 
a pair of fuses so contrived that, by means of a quick- working switch, 
if one of the fuses fails the other may be quickly inserted* 




RADIOTELEGRAPHT ^ 

[With 1 plate ] 


By CoMMENDATORE G Marconi, LL D , D Sc 


The practical application of electric waves to the purposes of wivq - 
less telegraphic transnussion. over long distances has continued to 
extend to a remarkable degree during the last few years^ and many of 
the difficulties, which at the outset appeared almost insurmountable, 
have been gradually overcome, chiefly through the improved knowl- 
edge which we have obtained in regard to the subject generally and 
to the pnnciples involved 

The experiments which I have been fortunate enough to be able 
to carry out, on a much larger scale than can be done in ordinaiy 
laboratories, have made possible the investigation of phenomena often 
novel and certainly unexpected 

Although we have — or believe we have — all the data necessary for 
the satisfactory production and reception of electric waves, wo arc yet 
far from possessmg any very exact Icnowledge concermng the con- 
ditions governing the transmission of these waves through space, 
especially over what may be termed long distances. Although it is 
now perfectly easy to design, construct, and operate stations capable of 
satisfactory commercial workmg over distances up to 2,500 nules, no 
really clear explanation has yet been given of many absolutely authen- 
ticated facts concerning these waves. Some of these hitherto 
apparent anomalies I shall mention briefly in passmg 

Why is it that when using short waves the distances coveied at 
night are usually enormously greater than those traversed in the day 
tune, while when using much longer waves the range of transmisbion 
by day and night is about equal and sometimes even greater by day ? 

What explanation has been given of the fact that the mght dis- 
tances obtainable in a north-southerly direction are so much greater 
than those which can be effected in an east-westerly one ^ 

Why IS it tlial moimtains and land generally should greatly obstmcl 
the propagation of short waves when sunlight is present and not dur- 
ing the hours of darkness^ 


I I'Krjinls'^ioii from author’s sepiraic of Proiocdlugs of the Ro’<ml luslitutlou Read 

btloro l^o\ 1 1 Ins i iH-jU of Great Britain at eeklv e\ening meeimg, Fridar, Juno 2 , 1911 
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The general pimciples on which practical radiotelegraphy is based 
are now so well known that I need only refer to them in the briefest 
possible manner 

Wneless telegraphy, which was made possible by the fields of 
research thrown open by the work of Faraday, Maxwell, and Hertz, is 
operated by electiic waves, which are created by alternating currents 
of very high frequency, induced in suitably placed elevated wires or 
capacity areas. These waves are received or picked up at a distant 
station on other elevated conductors tuned to the period of the waves, 
and the latter are revealed to our senses by means of appropriate 
detectors 

My original system as used in 1896 consisted of the arrangement 
shown diagiammatically in figure 1, where an elevated oi vertical wire 

was employed. 
This wire some- 
times terminated 
in a capacity or 
was connected to 
earth through a 
spark gap 

By usmg an in- 
duction coil o r 
other source of 
sufficiently high 
tension electricity 
sparks were made 
to jump across the 
gap; this gave rise 
to oscillations of 
high frequency m 
the elevated conductor and eaith, with the result that energy in the 
form of electric waves was radiated through space 

At the receiving station (fig 2) these waves induced oscillatory 
currents in a conductor containing a detector, m the form of a coherer, 
which was usually placed between the elevated conductor and earth. 

Although this arrangement was extraordmanly efficient in regard 
to the radiation of electrical energy, it had numerous drawbacks. 

The electrical capacity of the system was very small, with the 
result that the small amount of energy m the aenal was thrown into 
space in an exceedingly short period of time In other words, the 
energy, mstead of giving rise to a tram of waves, was all dissipated 
after only a few oscillations, and, consequently, anythmg approaching 
good tuning between the transmitter and receiver was found to be 
unobtainable in practice. 
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Many mechanical analogies could be quoted which show that m 
order to obtain syntony the operating energy must be suppked in the 
form of a sufficient number of small oscillations or impulses properly 
timed Acoustics furnish us with numerous examples of this fact, 
such as the resonance produced by the well-known tuning fork 
experiment 

Other illustrations of this principle may be given, e g , if we have 
to set a heavy pendulum in motion by means of small thrusts or 
impulses, the latter must he tuned to the period of the pendulum, as 
otherwise its oscillations would not acquire any appreciable amphtude 

In 1900 I first adopted the arrangement which is now m general 
use, and which consists (as shown m fig 3) of the mductive associa- 
tion of the elevated radiatmg wire with a condenser circuit winch may 
be used to store up a considerable amount of electrical energy and 
impart it at a slow rate to the radiating 
wire 

As IS now well known, the oscillations in 
a condenser circuit can be made to peisist 
for what is electrically a long penod of 
time, and it can be arranged moreover that 
by means of smtable aerials or antennae 
these oscillations are radiated into space 
in the form of a senes of waves, which 
through their cumulative effect are emi- 
nently suitable for enabhng good tuning 
and syntony to be obtained between the 
transmitter and receiver 

The circuits, consisting of the condenser 
circuit and the elevated aenal or radiatmg 
circuit, were more or less closely coupled 
to each other. By adjusting the inductance in the elevated con- 
ductor, and by the employment of the right value of capacity or 
inductance required in the condenser circuit, the two circuits were 
brought mto electrical resonance, a condition which I first pointed 
out as bemg essential in order to obtain efficient radiation and good 
tunmg 

The receiver (as shown in fig 4) also consists of an elevated con- 
ductor or aenal connected to earth or capacity through an oscil- 
latmg transformer The latter also contams the condenser and 
detector, the circuits being made to have approximately the same 
electncal time period as that of the transmitter circuits. 

At the long distance station situated at Chfden, in Ireland, the 
arrangement which has given the best results is based substantially 
upon my syntonic system of 1900, to which have been added numerous 
improvements 
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An important innoyation from a practical point of view was the 
adoption at Cliftlen and Glace Bay of air condensers; composed of 
insulated metallic plates suspended in air at ordinary pressure In 
this manner we greatly i educe the loss of energy which would take 
place 111 consequence of dielectric hysteresis were a glass or sohd 
dielectric employed A very considerable economy in working also 
lesults from the absence of dielectric breakages, for, should the 
potential be so raised as to even produce a discharge from plate to 
plate across the condenser, this does not permanently affect the value 
of the dielectric, as air is self-healmg and one of the few commodities 
which can be replaced at a minimum of cost 

Vaiious arrangements have been tried and tested for obtaining 

continuous or very prolonged trains 
of waves, but it has been my expe- 
rience that, when utilizing the best re- 
ceivers at present available, it is neither 
economical nor efficient to attempt to 
make the waves too continuous Much 
better results are obtamed when 
groups of waves (fig 5) are emitted at 
regular mtervals in such manner that 
their cumulative effect produces a 
clear musical note in the receiver, 
which is timed not only to the penod- 
icity of the electric waves transmitted 
but also to their group frequency. 

In this manner the receivei may be 
doubly tuned, with the result that a 
far greater selectivity can be obtamed 
than by the employment of wave tun- 
ing alone 

In fact, it is quite easy to pick up simultaneously different messages 
transmitted on the same wave length, but sjmtonized to different 
group fiequencies. ^ 

As far as wave tuning goes, very good results — almost as good as 
aie obtainable by means of contmuous oscillations — can be achieved 
vuth groups of ivaves, the decrement of which is m each group 0 03 
or 0,04, which means that about 30 or 40 useful oscillations are 
radiated before their amplitude has become too small to perceptibly 
affect the receiver 

The condenser circuit at CUfden has a decrement of from 0 015 
to 0 03 for fairly long waves 

This persistency of the oscillations has been obtained by the 
employment of the system shown in figure 6, which I first described 
m a patent taken out m September, 1907. This method eliminates 
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almost completely the spark gap and its consequent resistance, which, 
as IS well known, is the principal cause of the damping oi decay of 
the waves in the usual transmitting circuit 
The apparatus shown in figuie 6 consists of a metal disk a, havmg 
coppei studs firmly fixed at regular intervals m its peripheiy and 
placed transveisely to its plane This disk is caused to rotate very 
rapidly between two other disks, &, by means of a rapidly revolving 
electric motor or steam turbme These side disks are also made to 
slowly turn round m a plane at light angles to that of the middle 
disk The connections are as illustrated in the fiiguie The studs 
are of such length as to just touch the side disks m passmg, and 
thereby bridge 
the gap between 
the latter 

With the fie- 
quency employed 
at Chfden, name- 
ly, 45,000, when 
a potential of 
15,000 volts IS 
used on the con- 
denser, the spark 
gap IS practically 
closed duiing the 
time in which one 
complete oscilla- 
tion only IS taking 
place, when the 
p eriphe ri c al 
speed of the disk 
IS about 600 feet a 
second The re- 
sult is that the 

primary circuit can contmue oscillatmg without material loss by 
resistance m the spaik gap Of course the number of oscillations 
which can take place is governed by the breadth or thickness of the 
side disks, the primary circuit being abruptly opened as soon as the 
studs attached to the middle disk leave the side disks 

This sudden opening of the primary cncuit tends to immediately 
quench any oscillations which may still persist m the condenser 
circuit; and this fact carries with it a further and not inconsiderable 
advantage, for if the couplmg of the condenser circuit to the aerial 
is of a suitable value the energy of the primary will have practically 
all passed to the aerial circuit durmg the period of time in which the 
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primary condensei ciicuit is closed by the stud jSllmg the gap between 
the side disks, but after this the openmg of the gap at the disks 
prevents the eneigy returning to the condenser circuit from the aerial, 
as would happen were the ordmary spark gap emploj^ed In this 
manner the usual reaction which would take place between the aerial 
and the condenser ciicuit can be obviated, with the result that with 
this type of discharger and with a suitable degree of couplmg the 
energy is radiated from the aerial in the form of a pure wave, the 
loss from the spark gap resistance being reduced to a nunimum 
I am able to show a resonance curve taken at Chfden which was 

obtamed from the 
oscillations m the 
primaiy alone (fig 
5) 

An mterestmg 
feature of the Clif- 
den plant, espe- 
cially from a prac- 
tical and engineer- 
ing pomt of view, 
IS the regulai em- 
ployment of high- 
tension direct cur- 
rent for chargmg 
the condenser 
Contmuous cur- 
rent at a potential 
which IS capable 
of bemg raised to 
20,000 volts is ob- 
tamed by means 
of special direct- 
curient genera- 
tois, these ma- 
chines charge a 
storage battery consistmg of 6,000 cells, all connected m series, and 
it may be pomted out that this battery is the largest of its fcuid m 
existence The capacity of each ceU is 40 ampere-hours When 
employmg the cells alone the workmg voltage is from 11,000 to 12,000 
volts, and when both the direct-current generators and the battery 
are used together the potential may be raised to 15,000 volts through 
utilising the gassing voltage of the storage cells. 

For a consideiable poition of the day the storage battery alone is 
employed, with a result that for 16 hours out of the 24 no runnmg 
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machineiy need be used foi opeiatmg the station, with the single 
exception of the small motoi revolvmg the disk 

The potential to which the condenser is charged reaches 18,000 
volts when that of the battery or geneiators is 12,000 This poten- 
tial is obtamed m consequence of the rise of potential at the con- 
denser plates, brought about by the rush of current thiough the 
choking or mductance coils at each charge These coils are placed 
between the batteiy or generator and the condenser c, figuie 6 
No practical difficulty has been encounteied eithei at Chfden or 
Glace Bay m regaid to the msulation and maintenance of these high- 
tension storage batteries Satisfactory insulation has been obtained 
by diYiding the battery mto small sets of cells placed on separate 
stands These stands are suspended on msulators attached to girders 
fixed in the ceiling of the batteiy loom A system of switches, 
which can all be operated electrically and simultaneously, di\ndes the 
batteiy mto sections, the potential of each section bemg low enough 
to enable the cells to he handled without mconvemence or risk 
The arrangement of aerial adopted at Clifden and Glace Bay is 
shown m figure 7 This system, which is based on the result of tests 
which I first de- 
scribed before the 
KoyaJ Society m 
June, ' 1906,^ not 
only makes it pos- 
sible to efficiently 
radiate and receive 
waves of any desired length, but it also tends to confine the main 
portion of the radiation to any desired diiection The limitation of 
transmission to one direction is not veiy sharply defined, but 
nevertheless the results obtamed are exceedingly useful for practical 
working 

In a similar manner, by means of these horizontal wires, it is 
possible to define the bearmg or direction of a sending station, and 
also limit the receptivity of the receiver to waves arriving from a 
given direction 

The commercial working of radiotelegiaphy and the widespread 
apphcation of the system on shore and afloat in nearly all parts of 
the world has greatly facihtated the marshaling of facts and the 
observation of effects. Many of these, as I have already stated, still 
await a satisfactory explanation 

A cunous result which I first noticed over nine years ago in long- 
distance tests carried out on the steamship Philadel'pJiiaj and which 
still remams an important foatuie m long-distance space telegiaphy, 
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IS the detrimental effect produced by daylight on the propagation of 
electnc wares over great distances « 

The generally accepted hypothesis of the cause of this absorption 
of electnc waves in sunhght is founded on the behef that the absorp- 
tion IS due to the ionization of the gaseous molecules of the air 
affected by the ultra violet hght, and as the ultia violet rays which 
emanate from the sun are largely absorbed in the upper atmosphere 
of the earth; it is probable that that portion of the earth’s atmosphere 
which IS facmg the sun will contam more ions or electrons than that 
which IS m darknesS; and therefore, as Sir J J Thomson has shown/ 
this dlummated oi ionized air will absorb some of the energy of the 
electric waves 

The wave length of the oscillations employed has much to do 
with this mterestmg phenomenon, long waves bemg subject to the 
effect of daylight to a very much lesser degree than are short waves. 

Although certain physicists thought some years ago that the day- 
hght effect should be more marked on long waves than on short, the 
reverse has been my experience, indeed, in some transatlantic experi- 
ments, in which waves about 8,000 meters long were used, the energy 
received by day at the distant receiving station was usually greater 
than that obtained at mght 

Recent observation, however, reveals tho mteresting fact that the 
effects vary greatly with the direction m which transmission is takmg 
place, the results ob tamed when transmitting m a northerly and south- 
erly direction being often altogether different from those observed 
in the easterly and westerly one. 

Research m regard to the changes in the strength of the received 
radiations which are employed for telegraphy across the Atlantic has 
been recently greatly facihtated by the use of sensitive galvanom- 
eters, by means of which the strength of the received signals can be 
measured with a fair degree of accuracy 

In regard to moderate power stations such as are employed on ships, 
and which, in compliance with thfe international convention, use wave 
lengths of 300 and 600 meters, the distance over which commumca- 
tion can he effected during daytime is generally about the same, 
whatever the bearmg of the ships to each other or to the land stations 
— ^whilst at mght interesting and apparently curious results are 
obtained. Ships over 1,000 miles away, off the south of Spam or 
round the coast of Italy, can almost always communicate durmg the 
hours of darkness with the post-office stations situated on the coasts 
of England and Ireland, whilst the same ships, when at a similar 
distance on the Atlantic to the westward of these islands and on the 
usual track between England and America, can hardly ever oommum- 


1 RMosopluealKagazine, ser, 6, vol 4 , p 253. 
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cate mth. these shore stations unless by means of specially powerful 
instruments 

It IS also to be noticed that m order to reach ships in the Mediter- 
ranean the electric waves have to pass over a large portion of Europe 
and, in many cases, over the Alps. Such long stretches of land, 
especially when mcluding very high mountains, constitute, as is well 
known, an msurmountable barrier to the propagation of short waves 
durmg the daytime Although no such obstacles he between the 
English and Irish stations and ships in the North Atlantic en route 
for North America, a mght transmission of 1,000 miles is there of 
exceptionally rare occurrence The same effects generally aie notice- 
able when ships are communicatmg with stations situated on the 
Atlantic coast of America 

Although high power stations are now used for commumcating 
across the Atlantic Ocean, and messages can be sent by day as well 
as by mght, there still exist periods of fairly regular daily occurrence 
during which the strength of the received signals is at a minimum. 



Thus m the mormng and the evemng, when, in consequence of the 
difference in longitude, dayhght or darkness extends only part of the 
way across the ocean, the received signals are at their weakest. It 
would almost appear as if electric waves, in passmg from dark space 
to illummated space and vice versa, were reflected and refracted in 
such a manner as to be diverted from the normal path. 

Later results, however, seem to indicate that it is unlikely that 
this difficulty would be experienced in telegraphing over equal dis- 
tances north and south on about the same meridian^ as, in this case, 
the passage from dayhght to darkness would occur more rapidly over 
the whole distance between the two stations. 

I have here some diagrams which have been carefully prepared 
by Mr. H. J. Eound. These show the average daily variation of the 
signals received at Clifden from Glace Bay, 

The curves traced on the diagram (fig, 8) show the usual varia-* 
tion in the strength of these transatlantic signals on two wave lengths 
— one of 7,000 meters and the other of 5,000 meters. 
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The strength of the received waves reraams as a rule steady during 
daytime. 

Shortly after sunset at Clifden they become gradually weaker, and 
about two hours later they are at their weakest. They then begm to 
strengthen agam, and reach a very high mazimum at about the time 
of sunset at Glace Bay 

They then gradually return to about normal strength, but through 
the night they are very variable Shortly before sunrise at Clifden 
the signals commence to stiengthen steadily, and reach another high 

maximum shortly 
after sunrise at Chf- 
den The received 
energy then steadily 
decreases again until 
it reaches a very 
marked minimum, a 
short time before sun- 
rise at Glace Bay. 
After that the signals 
gradually come back 
to normal day 
strength 

It can be noticed 
that, although the 
shorter wave gives on 
the average weaker 
signals, its maximum 
and minimum vana- 
tions of strength veiy 
sensibly exceed that 
of the longer waves 
Figure 9 shows the 
variations at Clifden 
durmg periods of 24 
horn - , com m on cin g a t 
12 noon ilunughout 
the month of April, 1911, the vertical dotted hnfs i oju 
and sunrise at Glace Bay and Clifden. 

Jbigure 10 shows the curve for the first day of each month for one 
year, from May, 1910, to April, 1911. 

I carried out a series of tests over longer distances than had ever 
been previously attempted, in September and October of last year, 
between the stations of Clifden and Glace Bay, and a leceiving station 
placed on the Itahan Steamship P7%ndiiwssa Alafalda, in the couibe of 
a voyage from Italy to Argentina (pi. 1, fig. 1), 
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During these tests the receiving wire was supported by means of a 
kite, as was done in my early transatlantic tests of 1901, the height 
of the kite varying from about 1,000 to 3,000 feet. Signals and mes- 
sages were obtained without difficulty, by day as well as by night, up 
to a distance of 4,000 statute nules from Clifden. 

Beyond that distance reception could only be carried out durmg 
nighttime At Buenos Aires, over 6,000 miles from Chfden, the 
mght signals fiom both Chfden and Glace Bay were geneially good, 
but then strength suffered some vanations 

It is rather remarkable that the radiations from Chfden should 
have been detected at Buenos Aires so clearly at nighttune and not 
at all durmg the day, whilst m Canada the signals coming from Chf- 
den (2,400 miles distant) are no stronger durmg the mght than they 
are by day 

Further tests have been earned out recently for the Itahan Gov- 
ernment between a station situated at Massaua m East Afnca and 
Coltano m Italy Considerable mterest attached to these experi- 
ments, in view of the fact that the Ime connectmg the two stations 
passes over exceedmgly dry country and across vast stretches of 
desert, including parts of Abyssmia, the Soudan, and the Libyan 
Desert The distance between the two stations is about 2,600 miles. 

The wave length of the sendmg station in Africa was too small to 
allow of transmission bemg effected durmg daytime, but the results 
obtained during the hours of darkness were exceedmgly good, the 
received signals bemg quite steady and readable. 

The improvements introduced at Chfden and Glace Bay have had 
the result of greatly mnumizmg the mterference to which wireless 
transmission over long distances was particularly exposed m the 
early days. 

The signals arrivmg at Chfden from Canada are as a rule easily 
read through any ordmary electrical atmosphenc disturbance. This 
strengthening of the received signals has moreover made possible the 
use of recording instruments, which will not only give a fixed record 
of the received messages, hut are also capable of bemg operated at a 
much higher rate of speed than could ever be obtained by means of 
an opeiator leading hi’ sound or sight. The record of the signals is 
obtained hv means of photography m the following mannei • A sen- 
sitive Emthoven string galvanometer is connected to tho magnetic 
detector oi valve receiver, and the deflections of its filament caused 
by the mcoming signals are projected and photographically fixed on 
a sensitive stiip, which is moved along at a suitable speed (pi 1, fig. 2). 
On some of these records, which I am able to show, it is interesting 
to note the characteristic marks and signs produced amongst the 
signals by natural electric waves or other electrical disturbances of 
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the atmosphere, which, on acconnt of their doubtful origm, have been 
called 

Although the mathematical theory of electric wave propagation 
through space was worked out by Cleik Maxwell more than 50 years 
ago, and notwithstanding all the expenmental evidence obtained m 
laboratories concerning the nature of these waves, yet so far we 
understand but incompletely the true fundamental prmciples con- 
cemuig the manner of propagation of the waves on which wireless 
telegraph transmission is based For example, m the early days of 
wireless telegiaphy it Was generally believed that the curvature of 
the earth would constitute an msurmountable obstacle to the trans- 
mission of electric waves between widely separated pomts For a 
considerable time not sufficient account was taken of the probable 
effect of the earth connection, especially ia regard to the transmission 
of oscillations over long distances. 

Physicists seemed to consider for a long time that wneless teleg- 
raphy was solely dependent on the effects of free Hertzian radiation 

through space, and it was years 
before the probable effect of the 
conductivity of the earth was con- 
sidered and discussed 
Lord Rayleigh, m referring to 
transatlantic radiotelegraphy, 
stated m a paper read before the 
Royal Society in May, 1903, that 
the results which I had obtamed in signaling across the Atlantic 
suggested a more decided bendmg or diffraction.of the waves round 
the protuberant eaith than had been expected/^ and further said 
that it imparted a great inteiest to the theoretical problem.^ Prof 
Fleming, in hzs book on electric wave telegraphy, gives diagrams 
showing what may be taken to be a diagrammatic representation of 
the detachment of semdoops of electnc strain from a simple vertical 
wire (fig 11) 

As will be seen, these waves do not propagate in the same manner 
as does free radiation fiom a classical Hertzian oscillator, but mstead 
glide along the surface of the earth 

Prof. Zenneck^ has carefully exanuned the effect of earthed receiv- 
ing and transmittmg aenals, and has endeavored to show mathe- 
matically that when the hnes of electrical force, constituting a 
wave front, pass along a surface of low specific mductive capacity — 
such as the earth — they become inchned foiward, their lower ends 
being retarded by the resistance of the conductor, to which they are 

^ Proe Boy Soc , vol 72, p 40. 

* “Ammleu der Pliysik,” vol 23, p 846, ‘^Piiysikaliscshe Zeitsolinft,” 1908, pp 60, 663. 
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attached It therefore would seem that wireless tolegiaphy as at 
present practiced is, to some extent at least, dependent on the con- 
ductivity of the earth, and that the difference in operation acioss 
long distances of sea compared to over land is sufficiently explained 
by the fact that sea water is a much better conductor than is land 

The importance or utihty of the earth connection has been some- 
times questioned, but in my opmion no practical system of wireless 
telegraphy exists where the mstruments are not m some manner con- 
nected to earth By connection to earth I do not necessarily mean 
an Oldinary metallic connection as used for wire telegiaphs The 
earth wire may have a condenser in series with it, or it may be con- 
nected to what is really equivalent, a capacity aiea placed close to 
the surface of the ground It is now perfectly well known that a 
condenser, if large enough, does not prevent the passage of high- 
frequency oscillations, and therefoie in this case, when a so-called 
balancmg capacity is used, the antenna is for aU practical purposes 
connected to earth, 

I am also of opinion that there is absolutely no foundation in the 
statement which has recently been repeated to the effect that an earth 
connection is detrimental to good tuning, provided of course that 
the earth is good. 

Certainly, in consequence of its resistance, what electricians call a 
bad earth wiU damp out the oscillations, and in that way make tuning 
dxfi&cult, but no such effect is noticed when employing an efficient 
earth connection. 

In conclusion, I beheve that I am not any too bold when I say that 
wireless telegraphy is tending to revolutiomze our means of communi- 
cation from place to place on the earth^s surface Eor example, com- 
mercial messages contaming a total of 812,200 words were sent and 
received between Clifden and Glace Bay from May 1, 1910, to the 
end of April, 1911, wireless telegraphy has already furnished means 
of communication between ships and the shoie Where commumeation 
was bcfoie practically impossible The fact that a system of imperial 
wireless telegraphy is to be discussed by the imperial conference, 
now holding its meetings in London, shows the suprefnely important 
position which ladiorelegraphy over long distances has assumed in 
the short space of one decade Its importance from a commercial, 
naval, and militaiy point of view has mcreased very greatly durmg the 
last few yeais as a consequence of the innumerable stations which 
have been erected, or are now in course of construction, on various 
coasts, in inland regions, and on board ships in all parts of the world 
Notwithstandmg this multiplicity of stations and their almost con- 
stant operation, I can say from practical experience thnt mutual 
interference between properly equipped and efficiently tuned in:=lru- 
38734^— SM 1911 ^9 
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ments has so fai been almost entirely absent Some interference 
does inthout doubt take place between ships, in consequence of the 
fact that the two waye lengths adopted in accordance with the rules 
laid down by the international convention, are not sufficient for the 
proper handling of the very large amount of messages transmitted 
from the ever increasing number of ships fitted with wireless teleg- 
raphy A consideiable advantage would be obtamed by the utiliza- 
tion of a third and longei wave to be employed exclusively for com- 
munication over long distances 

In regal d to the high-power transatlantic stations, the facility 
with which mterfeience has been prevented has to some extent ex- 
ceeded my expectations At the receivmg station situated at a dis- 
tance of only 8 miles from the powerful sender at Chfden, durmg 
a recent demonstration arranged for the Adimralty, messages could 
be received from Glace Bay without any mterference from Chfden 
when this latter station was transmittmg at full power on a wave 
length differing only 25 per cent from the wave radiated from Glace 
Bay, the ratio between the maximum recorded range of Chfden 
and 8 miles bemg m the proportion of 750 to 1 

Airangements are bemg made to permanently send and receive 
simultaneously at these stations, which, when completed, will consti- 
tute in effect the duplexing of radiotelegraphic communication be- 
tween Ireland and Canada. 

The result which I have last referred to also goes to show that it 
would be practicable to operate at one time, on slightly different 
wave lengths, a great number of long-distance stations situated m 
England and Ireland without danger of mutual mterference. 

The extended use of wireless telegraphy is principally dependent 
on the ease with which a number of stations can be efficiently worked 
in the vicinity of each other. 

Considering that the wave lengths at present m use range from 
200 to 23,000 feet, and moreover that wave group tuning and direc- 
tive systems are now available, it is not difficult to foresee that this 
comparatively new method of communication is destined to fill a 
position of the gieatest importance m facilitating communication 
throughout the world. 

Apart from long-distance work, the practical value of wireless 
telegraphy may perhaps be divided into two parts, (1) •when used 
for transmission over sea and (2) when used over land. 

Many countnes, including Italy, Canada, and Spain, have already 
supplemented cheir ordinary telegraph systems by wireless-telegraphy 
installations, but some tune must pass before this method of commu- 
rkication ‘will be very largely used for inland purposes in Europe 
generally, owing to the efficient network of land Imes already existing 
which render further means of communication unnecessary; and 
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therefore it is probable that, at any rate for the present, the mam use 
of radio telegraphy will be confined to extra-European countnes, m 
some of which climatic conditions and other causes absolutely pio- 
hibit the efficient maintenance of land-hne telegraphy A proof of 
this has been afforded by the success which has attended the workmg 
of the stations recently erected m Brazil on the upper Amazon 

By the majonty of people the most marvelous side of wireless 
telegraphy is perhaps considered to be its use at sea Up to the 
time of its introduction, ships at any appreciable distance from land 
had ho means of gettmg m touch with the shore throughout the 
whole duration of their voyage. But those who now make long sea 
journeys are no longer cut off from the rest of the world; business men 
can contmue to correspond at reasonable rates with their offices 
in Amenca or Europe, ordinary social messages can be exchanged 
between passengers and their friends on shore, a daily newspaper is 
published on hoard most of the prmcipal liners, givmg the chief news 
of the day Wireless telegraphy has on more than one occasion 
proved an invaluable aid to the course of justice — a well-known 
instance of which is the arrest, which took place recently through its 
agency, of a notorious crimmal when about to land in Canada. 

Tlie chief benefit, however, of radiotelegraphy lies in the facihty 
which it affords to ships in distress of commumcatmg their plight to 
neighboring vessels or coast stations, that it is now considered 
indispensable for this reason is shown by the fact that several govern- 
ments have passed a law makmg a wireless-telegraph installation a 
compulsory part of the equipment of all passenger boats entermg 
their ports. 
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1 — INTBODUCTION 

Electrical transmission of intelligence, so Yital to the progress of 
civilisation, has taken a development at present mto telephony and 
telegraphy over metallic wires, and telegiaphy, and, to a limited 
extent, telephony, through the medium of the ether by means of 
electric waves 

Durmg the past 12 years the achievements of wireless teleg- 
raphy have been truly marvelous From an engmeering viewpoint, 
tlie wondei of it all is, that, with the transmittmg energy being 
radiated out over the surface of the earth m all directions, enough 
of this energy is deliveied at a single point on the circumference of a 
circle, of which the transmittmg antenna is approximately the cen- 
ter, to opeiate successfully suitable receiving devices by which the 
electromagnetic waves are translated into intelligence 

The plant efficiency'’ for electrical energy in the best types of 
wireless stations yet produced is so low that there can be no coiu- 
paiison between it and the least efficient transmission of energy by 
conducting wiies 

The limits of audibility, bemg physiological functions, are well 
known to vary considerably, but they may be taken to be in the 
neighboihood of 16 complete cycles per second as the lower lunit 
and 15,000 to 20,000 cycles per second as the upper limit If, Iheie- 
fore, there are impressed upon a wiie circuit for transmittmg mtelli- 
gence harmonic electromotive forces of frequencies between 0 and 16 
cycles per second, or, again, above 15,000 to 20,000 cycles per second, 
it woxdd seem certain lhal wluLtevc” tTects such electric-wave fie- 
quencies produced upon moL^ilhc ]r hSe present apparatus em- 
ployed m opeiating them couhl 1 1 amla i ) these effects into audible 
signals. 

1 A paper presented at the t v-x ,, I ir , « i « i i ‘ 3 Aniencan Instituted Elechi<.al 
Engineers, CMcago, rii , June ■ a*. 1 C i ^ il l / * T E E Repniited hy penmss on 
fcara. Proceedings of the institute for May, 1911, pp 857-905 
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There are, therefore, two possible solutions to the problem of 
multiplex telephony and telegraphy upon, this prmciple by electric 
waves, based upon the unalteiable characteristics of the human ear, 
VIZ, by employing (1) electric waves of infra sound frequencies, and 
(2) those of ultra sound frequencies One great difficulty in design-* 
mg generators of infra sound frequencies is m securing a pure sme 
wave, as otherwise any harmonic of the fundamental would appear 
within the range of audition Furthermore, the range of frequencies 
is restricted, and the physical dimensions of the timing elements for 
such low frequencies would have a tendency to become unwieldy* 

The electromagnetic spectrum at present extends from about four 
to eight periods per second, such as are employed upon ocean cables, 
to the shortest waves of ultra-violet light In this whole range of 
frequencies there aie two distinct mtervals which have not as yet 
been used, viz, frequencies from about 3x10^^ of the extreme infra- 
red to 5x10^^, which IS the freqeuncy of the shortest electric waves 
yet produced by electrical apparatus, and from about ^0 O' lO i ( » 1 00 ^ i*'' 0 
cycles per second to about 15,000 to 20,000 cycles pt - ^ ond I : ■ 

upper limit of this latter interval represents about the lowest frequen- 
cies yet employed for long-distance wireless telegraphy 

Within the past few years generators have been developed in the 
United States giving an output of 2 kilowatts and above at a fre- 
quency of 100,000 cycles per second, and also capable of bemg qpe- 
lated satisfactoiily at as low a frequency as 20,000 cycles per second 
Furlheimore, these machmes give a practically pure sme wave. 

The necessary conditions for telephony by electric waves guided 
by wires are an unmterrupted source of sustamed oscillations and 
some form of leceivmg device which is quantitative in its action In 
the described in multiplex telephony and telegraphy it 

has ' - ( I .'U ( and sufficient to combine the present engmeeiing 
practice of wiie telephony and telegraphy with the engineering 
practice of wireless telephony and telegiaphy. 

The frequencies involved in telephony over wires do not exceed 
1,S00 to 2^000, and for such frequencies the telephomc currents are 
faiily well disnibuted thioughout the cross section of the conductor. 
As the frequency is mcreased the so-called '^skin effect becomes 
noticeable, and the energy is more and more transmitted in the ether 
surrounding the conductor 

It has been found passible to superimpose, upon the ordinary tele- 
phonic wire cirriiits now commercially used, electric waves of ultra 
sound iicquenues v/ithout producing any harmful effects upon the 
operation of the esdsting telephonic service Fortunately, therefore, 
the experiments described below ate constructive and additive, 
rather than destructive and supplantive. 
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Electric waves of -ultra sound frequencies are guided by means o[ 
wires of an existing commercial installation and are made the vehicle 
for the transmission of additional telephonic and telegraphic messages 

’ APPARATUS AND EQXHPMENT 

Under a special appropriation granted to the Signal Corps by (Con- 
gress m the army appropriation act of 1909, a small research labora- 
tory has been established at the Bureau of Standards, m Lhe suburbs 
of the city of Washington. This laboratory is equipped VTtli the 
latest forms of apparatus now employed in the wireless telephone and 
telegraph art, and also with the standard types of telephone and 
telegraph apparatus now used upon wire circuits. The small con- 
struction laboratory of the United States Signal Corps is located at 
1710 Pennsyivanue Avenue and is also equipped with the usual tjq)cs 
and foiTns of apparatus used m transmittmg mtelhgenoe by elecii ical 
means. Each oi these laboratories is supphed -with a wiiele&s tele- 
phone and telegraph installation -with suitable antennse In addi- 
tion, these two laboratories are connected by a standard telephone 
cable hn© about 7 miles in length, which was employed m the experi- 
ments desenbed below 

THE lOOjOOO-CyCDE GENERATOR ^ 

The high-frequency alternator, which is shown complete ivith 
driving motor and switchboard in the accompanymg illustrations, is 
a special form of the inductor type designed for a fiequency of 100,000 
cycles with an output of 2 kilowatts, making it adapted for use in 
wireless telephony or telegraphy (pi 1) 

driving motor, — ^The motor is a shunt-wound 10-horsepower ma- 
chine with a normal speed of 1,250 revolutions per mmuto It is 
connected by a chain drive to an intermediate shaft which runs at a 
speed of 2,000 revolutions per mmute The intermediate shaft 
drives the flexible shaft of the alternator through a De Laval turbine 
gearmg, havmg a ratio of 10 to 1 The flexible shaft and inductor 
thus revolve at a speed of 20^000 revolutions per minute. 

Field coils , — ^The field coils, mounted on the stationary iron fiame 
of tile alternator, surround the peiiphery of the inductor The 
magnetic flux produced by these coils passes through the lammatcil 
armature and armature coils, the ah’ gap, and the inductor Tins 
flux is periodically decreased by the nonmagnetic sections of phos- 
phor-bronze embedded radially in tho inductor at its peiiphe^y 

Armature coils — The aimature or statois are ring-shaped and are 
made of laimnated iron Six hundred slots are cut on the radial 
face of each; a quadruple silk-covered copper wire, 0.016 mch (0 4 


1 Alexacaderson, Trans* Amer, Inst El^ctr Eng , vol 28, p 399, 1909 
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Ttiillimeter) m diameter^ is wound m a continuous wave up and down 
iJic successive slots The penpheries of the aiTUiliue bviinrs nro 
threaded to screw into the iron frame of the .ilrcj luuoi B v of 

a graduated scale on the alternator frame, the armatures can be 
readily adjusted for any desired air gap 

Inductor — ^The inductor or rotor has 300 teeth on each side of its 
periphery, spaced 0.125 inch (3 17 roilliineters) between center^ 
The spaces between the teeth are fiEed with U-shaped pliosplioi- 
bronze wires, securely anchored, so as to ■withstand the contnfugal 
force of 80 pounds (36,3 kilograms) exerted by each Smee each 
tooth of the inductor gives a complete cycle, 100,000 cycles per 
second axe developed at 20,000 revolutions per mmute. The diame- 
ter of the disk bemg 1 foot (0 30 meter), the peripheral speed is 
1,047 feet (319 meters) per second, or 700 miles (1,127 kilometers) per 
hour, at winch rate it would roll from the Umted States to Europe 
in four hours By caieful design and selection of material, a factor 
of safely of 6.7 is obtained m the disk, although the centrifugal 
force at its periphery is 68,000 tunes the weight of the metal there. 
Bearings — ^Tho generator has two sets of bearmgs, as shown m the 
illustiations, the outer set being the main healings winch support 
the weight of the revolving parts These bearings are sclf-ali[rning 
and are fitted with special sleeves, which are ground to comcide 
with longitndmal corrugations of the shaft, thus takmg up the end 
thrusts A pump maintains a continuous stream of oil tlirough these 
bearings, thus allo\vmg the machine to be run continuously at full 
speed witho heating 

The middle bearings normally do not touch the shaft, but 
excessive end thrust and prevent excessive radial vibiabion of in- 
flexible shaft 

An auxiliary bearing or guide is placed midway between the gear 
box and the end bearmg Its function is to limit the vibration of 
that portion of the shaft. 

Critical jjenods — In starling the machine, seveic vibranon occurs 
at two distinct crUical speeds, one at about 1,700 and tlie other at 
about 9^000 i evolutions per minute Tlie middle bearings prevent 
tlus Vibration from becommg dangerous 

Voltage — With the normal air gap between the annatuies and 
revolving disk of 0 01 5 inch (0 38 niilJimoter), the potential developed 
is 150 volts with the aimatuie- ev)uno(‘l(d m series It is possible, 
however, to decrea^^o the air gap to 0 004 inch (0 10 millimeter) foi 
short runs, which gives a coirespondmg increase in Aultage up to 
nearly 300 volt^: It is considered madvi&able, howo^ er, to run witlx 
tins small an* gap for any considerable length of time. 

The maclune is mtended to bo used vdth. a condenser, tlie capacity 
reactance of which balances the armature induction reactance, ■which 
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is 5 4 olims at 100,000 cycles Tins would require a capacity of 
about 0 3 microfarad for resonance at tins frequency, but in the 
experunents conducted at 100,000 cycles it was found necessary to 
decrease this amount on account of the fixed auxihary inductance of 
the leads 

OOKSTANTS OF THE TELEPHONE LINE. 

The telephone hne used m these experiments extends from the 
Signal Corps laboratory at 1710 Pennsylvania Avenue to the Signal 
Corps research laboratory at the Bureau of Standaids 
This hne is made up of the regular standaid commercial equipment 
and consists of paper-insulated, twisted pau*s m lead-covered cable, 
placed in condmt in the usual manner employed for city installation 
For the sake of convemence, one of the pair is designated as No 1 
wire and the other as No 2 wire 

The air-hne distance between the two laboratories is a little over 
3 miles (4 8 kilomeleib), but the telephone hne, by passmg through 
throe exchanges, covers about 7 miles (11.27 kilometers). The course 
of the hne, with the size and type of conductor, is as follows 

Laboratory" to main exchange, iindergroimd cable, No 22 B & S 
Mam exchange to west exchange, underground cable, No 19 B & B 
West exchange 1o Cleveland exchange underground cable, No 19 B & S 
Cle’V eland exchange lo Bureau of Standards, underground cable, No 19 B & S 
Ail underground cable except from Bureau of Standards to Wisconsm Avenue and 
Pierce Mill Road, about 3,400 feet, which is aerial cable 

This line is eqmpped with protective heat coils of a standard type, 
one m each wn*e of the metallic circuit, at the Cleveland exchange and 
the main exchange, but none at the west exchange The constants of 


each of these coils are as follows 

Direct current resistance of 65® F ohms. 3. 8 

Size of wire, No 30 B S 

Length of wire . . . ,cm . 40 

Number of turns m each r oil abji ( . . . . . ... 38 

Measured inductance at 70,000 c ck- - . .cm , 4,400 

Or 4 4X10^® henry 


The above constants were measured from a sample of one cf these 
coils selected at random 


Resistance of metallic circuit . . ohms.. 776 

Capacity measured (one minute electrification) between No 1 and No 2 wires 

miciofarad- - 0 69 

Insulation resistance 

Between No 1 wire and earth . . , .megohms. . 0 9 

Between No 2 wire and earth do. -- 1.3 

Between No 1 and No 2 wires m parallel and earth do 0 8 

Between No 1 and No 2 wiies do.. 2. 1 


The Ime included the usual house-wirmg at each station, which was 
undisturbed in taking the measurements. 
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II --DOTLE3X-DIPLEX TELEPHONY OVER WIRE CIRCUITS 

Suclx has been the development of telephone engmeermg that at 
present any proposal which requires for its success the supplanting of 
the piesent low-frequency battery system would be most radical. It 
would surely be admitted that any plan which permits the piesent 
engmeermg telephone system to remam intact and superimpose 
thereon additional telephone circuits would possess cardmal advan- 
tages. Accordingly, the first prelumnary experiments were directed 
to the mquiiy as to whether or not it is possible to superimpose upon 
the minute telephonic currents now employed in telephony over wires, 
electric waves of ultra-sound frequencies without causmg prohibitive 
mterference with the batteiy telephone currents Manifestly, this 
fundamental pomt can best be determined by experiments, at the 
generator itself, with the most sensitive part of the telephone equip- 
ment, viz, the telephone receivei Accoidingly, experiments weie 
first conducted with various forms and types of telephone receivers m 
connection with local circuits at the generator Such is the sensibility 
of the telephone receiver that it was thought possible that, although 
currents of frequencies entirely above audition were applied to the 
receiver from a dynamo as a source, there might be some frequency or 
frequencies from the operation of the apparatus which would be withm 
the range of audition. Such was found, m fact, to be the case at cer- 
tain critical frequencies of the machine, but they were of no practical 
importance, as will be shown later. 

With a collection of telephone receivers ranging from about 60 to 
over 8,000 ohms and of a variety of designs, a senes of tests w^is made 
under severe conditions to determine the above pomt. It was found, 
in general, that altematmg currents of frequencies rangmg from 80,000 
to 100,000 cycles per second, when coupled conductively, mducti\ely, 
01 electrostatically to local circuits from the geneiator produced abso- 
lutely no perceptible physiological effects in the receivers, excepting 
only that at certain of the lower frequencies a distmct audible note 
could be famtly heard m one of the receivei-s of about ^50 ohms 
resistance 

A search for the cause of this note showed that it is due to a slight 
variation of the amplitude of the high-frequency ciurent of the gen- 
erator, since no evidence of it could be detected on the battery tele- 
phone side of the circuit. It appears to be caused by a very slight 
vibration of the rotor as a whole m the magnetic field of the gencratoi 
It was almost entirely removed by the simple device of opening out 
the stators, which increases the clearance and materially cuts dovnx 
the fiiix of the machine. In pzaclice it is a distinct adi antago, how- 
ever, to have a trace of this note fatiU left on the lugh-fiequency side of 
the circuit, otherwise there is no ready means ot deieiminmg at the 
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receiving end of the cable line whether or not the high-freqxiency cur- 
rent IS present on the line, whereas this note, winch has to be searched 
for in tuning and which was entirely tuned out when speech was best, 
gave a very convenient method of testmg for the presence of high- 
frequency current, 

Havmg determined the general nature of this disturbance and its 
comparative ummportance, no further investigation of it was consid- 
ered necessary at that time 

The next fundamental point to determ in e was whether or not at 
these frequencies a telephone can receive enough energy to make it 
operative for producmg sound waves in air 

Since the self-mduction of a standard telephone leceiver is high, 
energy at these frequencies is effectively barred from it In the wire- 
less telegraph art, where the frequencies involved are from one hun- 
dred thousand to several milhon per second, this problem has been 
uniformly solved by the mtroduction of some form of detector for 
electromagnetic weaves, whose function is to transform the energy of 
the high-frequency oscillations into other forms suitable to a type of 
instrument such as a telephone receiver 

The next step, therefore, consisted in mtroducing vanous foima of 
detectors, such as are now used m wireless telegraphy, between the 
telephone receiver itseH and the energizing cunuit, Smce the fre- 
quencies being here considered are entirely above audition it was 
necessary, in order to produce a physiological effect, to mtroduce 
another element in this transformation, viz, some method of modify- 
ing the contmuous tram of sustamed oscillations from the generator 
mto groups or trams, the period of which falls within the hnuts of 
audition This was accomplished by emplo 5 ang the regular J’oims of 
automatic mtermpters, such as are now used in wireless telegraphy, 
with the expected result that with these two additional and essential 
pieces of apparatus operatively connected between the telephone 
receiver and the generator, the energy of the generator was delivered 
to the ear in a form well suited for physiological effects, Smce it is 
well known that the human ear is most sensitive a penod of about 
500 cycles per second, or 1,000 alternations, niterrupteis givmg this 
frequency were employed 

The presence of the detectors in this chain of transformations is 
necessitated by the use of the telephone receiver as a translating 
device. 

Although some of the detectors for electric waves are veiy sensitive 
to electrical energy they are here employed not because they arc more 
sensitive to electrical energy than is the telephone loceivci itself, 
whichis not the case, but becausethe telephone receiver is not adapted, 
for the reasons stated above, to translate electrical energy of those fic- 
quenoies into movements of its diaphragm 
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The elements of the apparatus thus far include a generator of sus- 
tained high-frequency oscillations; an interrupter to modify the am- 
plitude of these oscillations into groups of a period within the range of 
audition, some form of detector to rectify these oscillations, and a tele- 
phone leceiver Manifestly here are all of the elements that are neces- 
sary for telegraphy, using the telephone receiver to interpret the 
signals. 

If in the above mentioned chain of apparatus the interrupter is 
replaced by some form of telephone transmitteij such as the micro- 
phone, this is all that is necessary for the transmission of speech 
Experiments were made over local circuits with apparatus arranged 
in this order over a range of frequencies fiom 20,000 to 100,000 per 
second, with the result that speech was transmitted very satisfac- 
torily. Upon removing the detector from the above arrangement all 
perceptible effect in the telephone receiver ceased, in fact no arrange- 
ment of connections of a telephone receiver to such a high frequency 
circuit which did not include some form of detector was found to be 
operative for telephony, unless certain low resistance telephones wore 
used in which case the speech was so much weaker as to be of an 
entirely different order of magmtude 
The presence of a detector in this cham of operations, is not abso- 
lutely necessary m the case of telegraphy, since if the interrupter 
automatically produces a dej&mte number of wave-trams per second, 
each tifiin consisting of at least several complete oscillations, an effect 
may be produced upon a telephone receiver directly without a detector. 
The physiological effect, however, is quite different tbc clear fiiudr 
men^ note corresponding to the frequency of the inlornifitej* boii 
no longer audible, but, instead, a pecuhar dull hissing 'sOiiml Fi, Vo - 
ever, a telephone receiver was used, which, instead of having a per- 
manent magnet as a core, had one of soft iron, no effect without the 
detector was produced with the energy used 
As stated above m the case of telephony, the energy required for 
telegraphy without a detector is of a different order of magmtude. 

Having determined the necessary and sufficient conditions for the 
accomplishment of telegraphy and telephony by means of electric 
waves guided by wires upon local circuits, the next step W£is to apply 
these means and conditions to an actual commercial telephone cable 
line, the constants of which have been given above. 

The machine was run at a frequency of 100,000 cycles per second 
mlh the circuit anangements as shown in figure 1 , where one wire of 
the tdephono cable v a- connected to one terminal of the secondary 
of an air-core transformei, the other terminal being connected to 
earth. 

At the receiving end of Ihe line, which was the Signal Corps con- 
struction laboratoiy, at 1710 Pennsylvania Avenue, Washmgton, 
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D. C,, this wire was coimected directly ta earth through a '^perikou^^ 
crystal detector, such as is well known m wireless telegraphy, and a 
high resistance telephone receiver of about 8,000 ohms was shunted 
around the crystal In this prelimmary experinfent no attempt was 
made at tuning, either at the transmittmg end or at the receiving 
end of the line 

In the primary circuit of the generator, arrangements were made 
by which either an interrupter and telegraph key or a telephone 
transmitter could be mserted by thi owing a switch 

In the Ime circmt a hot wire nuUiammeter was inserted in a con- 
venient position so that the effect of the operation of either the 
telegraph key or of the human voice upon the transmitter could be 
observed by watching the fluctuations of the needle of the milliam- 
meter 

A loose coupling was employed between the two circuits at the 
transmittmg end, and the Ime circmt adjusted by varying the coup- 
ling until the current m the Ime was 20 to 30 nulliainperes. With 
this arrangement (1) telegraphic signals were sent and easily received, 
and (2) speech was transmitted and received successfully over this 
single wire with groimd return 

The ammeter showed marked fluctuations from ll'‘o lunian \oi(e 
and enabled the operator at the transmitting station to l)e certain 
that modified electee waves were being transmitted over the line. 

The actual ohmic resistance of the Ime apparently played an 
unimportnnt part for telegraphy at 100,000 cycles^ since with one 
of il.o wins of the pair and a ground return, the effect of doubling 
the conductivity of tee wire by joinmg both wires m parallel, although 
this arrangement increased tee capacity of the wires, could not be 
detected with, certainty by an operator listenmg to the signals and 
unaware of which arrangement was bemg used. 

Inserting in the line wire a nomnductive carbon rod resistance 
of 7o0 ohms, which is practically tee resistance of the line itself, 
could not be detected by any change in tee mtensity of tea icceived 
signals 

The next experiment was to determine what effect, if any, such 
sustamed electrical oscillations would have upon the minute tele- 
phonic currents employed in battery telephony. 

nUPLEX TELEPHONY, USING ONE GROUNBE0 OIROUIT. 

To determine tee fact that electric waves of ultra sound frequency 
produce no perceptible effect when superimposed on the same circuit 
over which telephomo convemation is being transmitted, the next 
step was to use such a tiain of siistamed oscillations as tec vehicle 
for transmitting additional speech over the same circuit. For this 
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purpose the twisted-pair telephone line was equipped with a com- 
plete standard local battery telephone set, as installed for coroMercial 
practice, and in addition one of the wires of the pair was equipped as 
in figure 1, the circuit being shown diagrammaticaJly m figure 2. 
This particular arrangement was employed in this experiment for the 
reason that it was desired to have the battery telephone operate 
on its usual circuit with the introduction of ground connections 

at the ends of the 


BUREAU 

OF 

STANDARDS 



UBORATORY 



line foi the super- 
position of the high- 
frequency circuit. 
When such ground 
connections were 
introduced directly 
without tuning ele- 
ments therein the 


metallic circuit ex- 



perienced the usual 
disturbances found 


under city conditions, but the metallic circuit could be reduced to 
Silence again by introducmg in the giound connections the necessary 
tuning elements of magmtudes suited to wireless telegraphy. 

Xext the tw'isted-pair telephone hne was equipped with a com- 
plete standard local battery telephone set, as installed for commercial 
practice, with the exception that the local battery circuit of the 
transmitter tele- 


phone set was 
opened and a few 
turns of coarse wdre 
inserted in series 
with the two dry 
cells which ai*6 nor- 
malhuiscd, as sliow n 
in figuic 3 Induc- 
tivcly conned od 
with this coil was 
the armature circuit 



llG 2 



of the generator A hot wan milHanimeter was placed in the line 
circuit to iachcate the magnitudo of the high-frequency current which 
was flowing on the Ime, Whlh tins nrransfoment tests were made to 
determine whether or not there were any efiecis upon the transmission 
of speech, due to superimposing high-frequcucy cun cuts upon the 
battery telephone sets With an operator at each end of the line, 
using the equipment in the regular commeircial way, the direct-current 
yoltage and the alternating-current voltage in series with it in the 
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pnmaay circuit of the transmitter were varied individually and rela- 
tively in a variety of ways, with the striking result that just at the 
pomt where the direct-current voltage was decreased, so that no 
sounds were received, the line became absolutely silent, although the 
alternating voltage m the circuit was at its largest value, or, again, 
speech would reappear at the receiving station at the moment wlier 
sufficient direct-current voltage was mtroduced to pioduce it, and the 
simultaneous presence of both the maximum direct voltage and 
maximum high-frequency voltage in a ciicuit produced exactly the 
same result as the 
maximum direct-cur- 
rent voltage did alone 
When, however, the 
high-frequency cur- 
rentm the local circiut 
was forced to a point 
which caused '^burn- 
ing” in the transmit- 
ter 'itself, then, and 
then only, did the 
high-frequency cur- 
rent in any mter- 

lere with the trans- 
mission 

By transferrmg this 
coil from the local 
circuit of the tele- 
phone set directly into 
the line itself, so that 
the high-frequency 
oscillations would be superimposed upon the hne beyond the iron- 
corcd induction coil of the telephone transmitter, it was not possible 
to detect the presence or absence of high-frequency currents 

As a test under severest conditions the eiffect was noted upon 
speech received at the same station at which the high-frequency 
current is bemg impiessed, for here are the attenuated telephonic 
currents at the receiving end of the telephone line, on which is super- 
imposed a high-frequency current of vastly greater magnitude at 
the same point No effects of any kind could be detected under 
these conditions From the above experiments it appears that m 
any attempt at multiplex telephony by means of electric waves of 
ultra sound frequencies superimposed upon the minute telephonic 
currents employed in battery transmission there is nothing to fear 
from disturbances of such currents upon the operation of the ordinary 
battery equipment. 
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SnJENT EARTH OJEOCHTS 

The electromagnetic constants oi the apparatus employed m tele- 
graphy and telephony over wire circuits are of the order of magnitude 
of microfarads and henrys, and since no attempt is made at tuning, 
these are constructed at present with no provision for contmuously 
varying the units 

In wireless telegraphy and telephony these electromagnetic con- 
stants are of the order of magnitude one thousand times smaller, or 
are expressed in thousandths of microfarads and of henrys, further- 
more, these forms of apparatus are provided with convenient means 
of continuously varying then values for tuning 

In the operation of providing tunmg elements for earth connections 
there is at the same time afforded a certain means of eliminating any 
harmful distuibances from the earth, for the condensers employed 
for tuning to frequencies above audition possess an impedance to the 
frequencies involved in speech and also any disturbances from the 
earth, which effectively prevents the passage of any disturbance of 
audible frequency These condensers offer a comparatively free pas- 
sage to the electrical oscillations of the frequencies hero being con- 
sidered When such earth connections are selectively tuned with the 
line to frequencies entirely above audition it is evident that no audible 
frequencies, either in the earth itself or from the line, can pass Sim- 
ple experiments proved the efficiency of this arrangement, and when 
the metallic telephone circuit, equipped with a standard local battery 
set, was connected to earth in the manner described, the operation 
of the battery set was perfectly quiet and equally good with and with- 
out such earth connections. 

The point was now i cached where the road was clear for duplex 
telephony, and for this purpose the apparatus and methods employed 
in wireless telephony were applied to one of the wires of the metaihe 
circuit as though it were an antenna. The actual arrangement of this 
circuit IS shown in figure 4, in which G is the source of sustained high 
frequency oscillations, C' is the tunmg condenser of the oscillatory 
circuit; U is the tuning mductance of the oscillatory circuit; P is the 
primary of the oscillation transformer, A is the ammeter; M is the 
transmitter microphone, S is the secondary of the ocsillation trans- 
former m the line circuit ; 0 is the tuning condenser in the line circuit, 
L is the tuning inductance m the line circuit, A' is the ammeter in the 
hne At the receiving end of the Ime is the line tunmg condenser, 
hi is the hnc tunmg inductance, is the primary of the oscillation 
transformer; Sj is the secondaiy' of the oscillation transformer; 
is the tti xi mg inductance in the oscillatory circuit, ei is the tuning 
condenser in the oscillatory ciremt, between which and the tele- 
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phone F' the detector D is operatively connected; E is the earth 
connection 

The local battery telephone sets are connected acioss the two line 
wires in the usual manner In both sets 1 is the microphone trans- 
mitter; 2 IS the local batteiy; 3 is the induction coil, 4 is the ringing 
system; including the bell and hand generator, 5 is the switch hook, 
6 is the telephone receiver 

It was found that cross-talk was heard in the detector circuit fiom 
the batteiy tiansmitter at the transmitting end when the detector 
cnciiit alone was connected directly to earth from the line without 
any tunmg coil oi condenser If; however; the tuning condenser was 
inserted; this cioss-talk entirely disappeared, even though the tuning 
coil was not inserted This is because the impedance of the small 
tunmg condensei is laige for telephonic frequencies, wlnle the tuning 
coil impedance admits these telephonic frequencies* Both elements 
of tuning are required for selective absoiption of energy, so that the 
high-frequency ciicuit is available as an additional telephonic circuit 
With tins arrange- 
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ment talking in the 
tx’ansmitter of the 
high-frequency side 
of the system was 
heard only in the 
detector and there 
was no cross-talk 
from the ordinaiy 
local battery cir- 
cuit Si mil ally, 
there was no effect of the high-frequency tiansmission on the local 
batterj^ transmission, and the two telephonic messages were com- 
pletely separated. Both circuits were entirely fiee from earth dis- 
turbances 

Tjie volume of speech at the receiving end of the cable is greatlj 
increased by simply inseitmg the transmitter in the dynamo circuit 
and operating this cncmt at or near resonance In addition, the 
couplmg at both transmitting and receivmg stations should be so 
designed as to permit adjustment for optimum. 

The frequency used in this experiment was about 100,000 cycles 
per second The talk on the regular battery circuit was of the usual 
high standard both ways, so that the only reason at this pomt why 
complete duplex-diplex telephony was not obtained was the fact that 
there was no high-frequency dynamo available at the laboratory. 
There is, however, available at this laboratory one of t'*- ■- b- t 
of the high-frequency arc, and accordingly this was arrangea witJi 
suitable electromagnetic constants to give a period of about 71,000 
38734^—831 1911 10 




146 AKISriTAL REPORT SMITHSOKIAN INSTITUTION', 1911. 


cycles per second, as measuied a standard wave meter such as is 
now commonly used m -wireless telephony and telegraphy. This 
source of high-frequency' electiomotive force “was induced upon the 
high-frequency hne vixe in a similar manner to that described in the 
station at the Bureau of Standards, with the result that one of the 
wues of the tmsted pair was made to carry simultaneously the bat- 
tery telephonic currents from the two transmitters, the high-frequency 
oscillations of about 100,000 cycles per second, apphed at the Bureau 
of Standards, and the high-frequency oscillations of about 71,000 
cycles per second, apphed at the laboratory No influence from these 
conditions was peiceptible upon the excellence of the batteiy trans- 
mission and reception of speech either way 

DUPLEX TELEPHONY, XTSING METALLIC CIRCUIT 
(a) bridging arrangement 

The next experiments pertained to the standard metaihe circuit 
as umversally -used on telephone toll lines in congested distncts 
The eloctiic constants of this Ime have already been given 

The next step was to remove entirely the earth connections from 
the metalhc circuit and supei impose both telephonic circuits upon 
the same pair of wires, as shovm in figure 6, in which the high-fre- 
quency apparatus, shown diagrammatically in figure 5, is bridged 
across the lino wires A and A' G is the source of sustained high- 
frequency oscillations; is the timmg condenser of the oscillatory 
circuit; Lj is the tuning coil of the oscillatory circuit; P is the pri- 
mary of the oscillation transfoimer, A is the ammeter, M is the 
transmitter microphone, S is the secondary of the oscillation trans- 
former m the line circuit , C is the tuning condenser m the Ime circuit; 
L IS the tuning inductance in the line circuit; A^ is the ammeter in 
the line At the receiving end of the Ime, C' is the hne tunmg con- 
denser, IS the line tunmg mductance, P' is the pnmary of the 
oscillation transformei ; S'' is the secondaiy of the oscillation trans- 
foimer, L" is the tuning inductance in the oscillatory circuit, O'' is 
the tuning condenser m the osciUatoiy circuit, between which and 
the telephone P the detector D is operatively connected. 

The local battery telephone sets are connected across the hne wires 
in the usual manner. In both sets, 1 is the microphone transmit! ei , 
2 is the local battery; 3 is the mduotion coil, 4 is the ringing svstein, 
including the bell and hand generator; 5 is the sivitch hook, 6 is the 
telephone receiver, 

Smee the high-frequency apparatus as commercially developed in 
the wireless telegraph art was used, each of the units xvas vaiiable 
and had been pie’^or.sly carefully calibrated by reference to the 
standards of th<i litucan of Standards The coupling cods were of 
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the design adapted for wireless telephony, the coefi&cient of coupling 
being adjustable between wide hmits It was therefore a matter of 
hours to run through a laige number of experiments m which yarious 
combinations were tried 

The transmitteis first tiled w^eie those of the miciophone type 
inseited in the armature circuit of the dynamo and provided with 
water coohng when cmrents of several amperes were to be used. 

It was soon found, however, that the efficiency of transmission of 
this cable hne was so good for electiic waves of these frequencies that 
a veiy small current, in the neighborhood of 2 milliamperes, sent into 
the hne was amply 
sufficient lor good 
speech at the le- 
ceiving end about 
7 miles distant 
No attempt was 
made to deteimine 
to what lowGi limit the transmission cuirent could reach m this 
respect, but such small cm rents enabled the ordinary telephone 
transmitter to be used without any provision for coohng, especially 
when it was mserted in the hne circuit instead of in the armature 
circuit of the dynamo 

The telephone receivers were tlxose regularly furnished for vnreless 
telephony, rangmg m resistance from 2,000 to 8,000 ohms 

Resonance — As was expected, the phenomena of resonance under 
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the conditions which heie obtained weie very pronounced and Inghly 
consistent, smce there is here a definite cncuit free from the disturb- 
ances and vaiiations inlierent in radio telegraphy and telephony 
In wireless telegraphy and telephony it is well known that within a 
few minutes transmission wiU drop off many fold from causes not en- 
tnely understood, and from diurnal vanations and electiostatic dis- 
turbances, effective transmission is often prevented. 

In general, the different circuits were tuned to resonance m the 
same manner, for the same purpose, and with the same effect as m 
wireless telephony and telegraphy. 
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The line circuit itself was readily tuned to lesonance for the par- 
ticular fiequency of the dynamo by notmg the maximiiiu reading of 
the hot \viie ainmetei m the Ime itself This maxunum is readily 
found by varying eitliei the capacity C or the inductance L, or both 
At the receiving end of the line, cod L' and the condenser O', as well 
as the cod L" and the condenser C", were tuned to give a maximum 
mtensity of signals in the leceivmg telephone of the audion 

The audioU; a detectoi of tlie so-called vacuum type, consists of an 
exliaiisted bulb contammg (a) a tungsten filament mamtamed at m- 
candescence by a ciuient fiom a local battery of 6 volts and (6) two 
platmiim elec ti odes insulated fiom the filament and from each other 
To these electiodes, one of winch is a platmum plate and the other a 
platmum grid, there aie applied through the Ingh lesistance receiveis 
about 35 to 45 volts from a local battery The brilliancy of the fila- 
ment IS conti oiled by a small series rheostat, and the voltage applied 
to the msidated termmals by a local potentiometer 

The gases in the bulb, becoming iomzed by contact with the glowing 
electrode, serve as a conductor of electiicity, havmg a high unilateral 
conductivity If the platmum wne grid is close to the hot filament 
and the plate at some greater distance, the direction of greater con- 
ductivity IS from the plate thiough the gas by the lomc path to the 
grid, so that if the positive teimmal of the telephone batteiy is ap- 
plied at the plate tennmal and the negative at the gi id teimmal, a 
sufficient current to operate the telephone will flow 

If the termmals of the condenser of a resonant receivmg circuit are 
connected to the grid and to one terminal of the filament the high 
frequency e m f impiessed fiom tins lesonant circuit will cause a 
gieatoi current to flow tlirough the gas in one dnection than m the 
other, as in the case of the dnect-cuireut potential applied through 
the telephone leceiver This xectifymg effect will be reproduced m 
the telephone receiveis, causuig them to make audible the received 
signals 

By changmg the coefficient of couphng or the potential across the 
audion, which is adjustable, or the amount of ionization of the gases 
HI the tube by adjusting the current through the filament, or any 
combination of these, it was found that the receivmg operator could 
biing out the speech to suit his particular fa:pcy. 

As stated above, the dynamo operated regularly at ranges from 
100,000 cycles per second down to 20,000 cycles per second It was 
therefoie possible to try the effect of a comparatively wide range of 
fiequencies in these experiments, covering three octaves, the induc- 
tances and capacities being chosen to correspond to each particular 
frequency. It was found that moie energy was dehvered over this 
particular type and length of circuit by using the lower frequencies of 
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this range than the higher ones^ although efficient results weie easily 
obtained at any point 

The battery telephone side of the equipment was left absolutely 
mtact, as it would be oominercially used, and severe tests were made, 
employing four operatois, to determine the efficiency of two simulta- 
neous conversations over tins same pair of wires 

The rmgmg circuit was operative both ways with no apparent effect 
on the high frequency telephone transmission This rmgmg circuit 
develops a compaiatively large alternatmg cuirent flowing in the wire 
at about 30 cycles per second and at a voltage of many times that of 
either the high frequency or the battery side of the circint 
Articulation tests, mcluding music, numerals and other difficult 
combinations, gave satisfactoiy results, with no mterfeience what- 
ever between the two sides of the circuit 

By holdmg one telephone receivei to one ear and the other receiver 
to the other eai the receivmg operator could hear two entirely 
different conversations simultaneously over the same pair of wires. 

(b) series arrangement 

A cilcuit was next made up with lugh-frequency apparatus inserted 
directly in the line m senes, instead of in the bridging arrangement 
shown in figure 5 The 
circuit used is shown dia- 
grammatically in figuie 7, 
m which L and L' are the 
secondaiy coils of the 
transmitter and leceivei, 
respectively C and C' 
represent variable con- 
densers of the order of magmtude used m mreless telegraphy and serve 
as low impedance paths for the high-fiequency oscillations, and at the 
same time prevent the short circuitmg of the low-frequency battery 
telephone current It was found that this arrangement gave appar- 
ently as good results as the biidgmg airangement of the circuit- 

ill —UUPLEX-BIPLEX TELEGRAPHY 

Having described in detail the experiments for nbt ainm g the 
simultaneous transmission of two telephonic messages over a smgle 
circuit, it will be apparent that the problem of transmitting two 
telegraphic messages over the same circuit may be solved by methods 
and apparatus as far as the high-frequency side of the CHCuit is con- 
cerned, which are practically identical with those described above. 
In tins connection the metalhc circuit referred to was equipped 
with a standaid Moise set for manual operation, and upon this cir- 
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cult was superimposed an equipment foi transnuttmg in one direction 
telegrapliic messages by means of sustained higb-frequency oscilla- 
tions, employing the telephone as the means for receiving the signals 
The circuit used is shown diagrammatically in figure 8, in which, in 
the Mome sot, theie are shown between the Ime wire and the giound G, 
the line relay S, the key K, and the line battery B, and the local 
battery h and the soundei s; and in winch, in the high-frequency 
set, aie similarly shown between the Ime wiie and the ground G the 
tuning elements C and L, and at the tiansmittmg end the oscillation 
transformer T, the primal y of which is m circuit with the dynamo 
as a souice of sustamed oscillations, the telegraph key K^, the inter- 
rupter I and the tumng elements and L', and at the receivmg end 
the oscillation transfoimer R in the secondary circuit of which are 
included the usual tumng elements and operatively connected to 
them the detector and its telephone as a means of receivmg the 
signals. 

As noted m the case of the piehminary local circuit tests, it was 
found that ovei this particulai line it was not necessary to use a 



detector for electromagnetic waves, smce enough energy was dehvered 
to operate the telephone receiver by connectmg it directly between 
the line and the earth. 

The sound produced, however, was characteristically diSerent 
fix the two cases. With the detector the individual signals had the 
characteristic tone coirespondmg to the interrupter at the trans- 
mitting end of the line, whereas without the detector this tone was 
entirely absent, and a general dull sound, due to the resultant action 
of the wave-trains was heard If, however, a telephone receiver was 
employed with a soft iron coie, instead of a permanent magnet, no 
result was obtained with the linuted power used on* this hne 

Although little mention of telegraphy by high-frequency electric 
waves has been made thus far, as a matter of fact it was found 
convenient during the experiments upon telephony actually to 
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employ telegraphy as a quick and leady means of determining 
resonance between the circuits in each particulai case 

When any particular arrangement was bemg employed the first 
steps weie invariably to send simple Morse signals over the circuit 
until the operator at the distant end of the line lepoited maximum 
loudness in the receiving telephone, which mdicated that the ter- 
mmal apparatus with the Ime circuit was propeily tuned This 
bemg accomphshed; it was necessary only to throw a switch to 
substitute for the automatic mterrupter and telegiaph key the 
telephone transmitter, and the experiments could then proceed on 
telephony without any material change bemg made at the leceivmg 
station Telephony and telegraphy thus proceeded hand in hand 
as a mere matter of convemence, and one of the practical advantages 
m the use of elect: ic waves for tiansmitting intelligence is that the 
whole set-up of apparatus is practically the same for each and they 
can be used mterchangeably over the same circuit 

Considermg the Morse equipment, indicated m figure 8, the electro- 
magnetic units mvolved are of the order of magnitude of microfarads 
and henrys, and the period of the mterrupted duect current for 
Morse sendmg is not more than the equivalent of about 10 complete 
cycles per second, whereas in the high-frequency side of the circuit 
the electromagnetic units are of the order of magmtude of thousandths 
of a microfarad and of thousandths of a henry and with fiequencies 
not less than 2,000 times greater than those mvolved m manual 
Morse sendmg Furthermoie, the ohmic lesistance of the Ime which 
plays a piomment pait m limitmg the distance and speed of Morse 
woikmg, IS compaiatively unimpoitant in the case of electric waves 
guided by wiies. The operation of the Ime equipped as m figure 8 
was perfectly satisfactory, theie bemg no peiceptible mterference 
between the two messages m either direction 

Smce the standard telegiaph cu cults of the world use a ground 
return, this same equipment was ai ranged to operate on one of the 
wires of the twisted-pair m the telephone cable as such a circuit 
with earth connections at each end, and its opeiation was equally 
successful. 

Smce it IS a weU-known charactenstic of high-frequency apparatus 
used m tuned circuits that there shall be no iion mvolved in the 
circuit, it IS evident that m cases where such a high-frequency cur-* 
rent is to be superimposed upon a Ime comprising way stations,, 
where ime relays aie mserted directly m the circuit, it wiH be neces- 
sary and sufficient to shunt such way stations by condensers of the 
order of magmtude of thousandths of a microfarad Such con- 
densers offer a comparatively free path for the high-frequency clectne 
wavc'^^ hut inicTpo'.e a practical barrier to the Moiso fiequencies 
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The same general statement can be made relative to any of the 
standaid foims of loiv-fiequency telegiaphy over wires as now 
practiced, such as the polar duplex, the differential duplex, and the 
duplex-diplex, employmg alternatmg cm rents of low frequency and 
standaid keys, lelays, and sounders 

Inserting a regular 150-ohm telegiaph relay m series in the Ime 
cuts down the high-frequency cuiient to a smaR percentage of its 
onginal value, which indicates the marked mfluence of the presence 
of iron in such a circuit Furthermore, it was noted that at 100,000 
cycles the hysteiesis of the non coie was so giuat that it became 
heated veiy peiceptibly in a few moments. 

Smco a portion of the telegraph lines now used is stdl composed 
of iron wires, it would be expected that electric waves woidd be 
propagated over such wnes less efficiently than over copper wires, 
although it is weR knowui that electric waves penetrate only about 
one-thirteenth as deeply mto soft non for a given frequency as mto 
copper, but this is modified by the fact that the non m telegraph 
wires is not soft non and m addition is galvanized 

[Section 4 of this papei, giving detafis of measurements of electric 
waves of frequencies from 20,000 to 100,000 cycles per second on a 
standaid telephone cable Ime, is omitted from the present repnnt 
by the Smithsonian Institution ] 

StnviMARY 

Radiotelegraphy has no competitor as a means of transmitting 
inteUigence between ships at sea and between ships and shore stations, 
and on land it is also unique in its usefulness in leachmg isolated 
districts and otherwise inaccessible points. To what extent it may 
be also developed to furnish practical intercommunication accordmg 
to the high standard now enjoyed in thickly populated districts it 
is not attempted to predict 

The foiegoing experiments indicate that either the existmg wire 
system, or additional wires for the pm pose may be utfiized for the 
efficient tiansmission of telephonic and telegraphic messages, and 
the former rvuthoiit mterfering with the existmg telephone traffic on 
these vures 

The fact that each of the circmts created by the use of super- 
imposed high-frequency methods is both a telephone and a telegraph 
circuit interchangeably, makes it possible to offer to the pubhc a new 
typo of service, which it is beheved wiR offer many advantages to 
the commercial world. This tjqie of circiut should be paT’tiGularly 
appRcable to press association seivice, railroad service, and leased 
wire service of aU kmds. 

The experiments described should not 'h ini tMpiv tvd a- in any way 
indicating limitations to I'adio telegraphy ..nd t eloplioo v in .he future, 
for their present rapid development gives justification for great pros- 
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pect for the future It is rather considered that the whole system of 
mtercommumcation, including both wire methods and wireless 
methods, will grow apace, and as each advance is made m either of 
these it will create new demands and standaids for still further 
development We need more wireless telegraphy everywhere, and 
not less do we need moie wire telegraphy and telephony everywhere 
and, agam, more submarine cables The number of submarine 
cables connectmg Europe wnth Ameiica could be increased many 
tunes and all of them kept fully occupied, piovided the tiaffic were 
properly classified to enable some of the enormous busmess which 
IS now earned on by mad to be transferied to the quicker and more 
efficient cablegram letter That time will sui'ely come when the 
methods of electrical inteicommimication wdl have been so developed 
and multiphed that the people of the difleieiit countries of the world 
may become real neighbors 

Accustomed to the methods of transmitting eneigy for power pur- 
poses by means of wire, it is a matter of wonder that enough energy 
can be delivered at a receiving antenna fiom a transmittmg point 
thousands of miles distant to operate successfully receiving devices. 
The value of a metallic wire guide for the energy of the electric waves 
is strikingly shown m the above experiments, and it furnishes an 
efficient directive wireless system which confines the ether dis- 
turbances to closely bounded regions and thus ofteis a ready solution 
to the serious problems of mterferences between messages which of 
necessity have to be met in wireless operations through space 

The distortion of speech, which is an inheient feature of tele^ 
phony over wues, should be much less, if not practically absent, 
when we more and moie withdraw the phenomena from the metal 
of the wire and confine them to a longitudinal stiip of the ethei which 
forms the region between the two wires of a metalho circiut 

The ohmic resistance of the wn^e as shown can be made to play a 
comparatively unimportant part in the transmission of speecli, and 
the more the phenomena are of the ether, mstead of metalhc con- 
duction, the more perfectly will the modified electric waves, which 
are the vehicle for transmit hng the speech, be delivered at the receiv- 
ing pomt without distortion 

It has been shown that the phenomena of resonance, which are 
met with m so many different branches of physics, exhibit very 
strikmg and orderly results when apphed to electric waves propagated 
by means of wires By utihzmg this prmciple it has been shown 
that the receiving cunent at the end of the line may be built up and 
amplified many times over what it would be with untuned circuits. 

The tuned electrical circuit at the receiving end leadily admits 
electromagnetic waves of a certain defimte frequency, and bars 
from entiaiice eiectiomaguetic waves of other frequencies This 
permiis the possibility of utilizing a single circuit for multiplex 
telephony and telegraphy. 




RECENT EXPERIMENTS WITH INVISIBLE LIGHT.^ 
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By K W Wood, LL B , 

Professor of Expenmental Physics, Johns ffophns Umiersity 

By far the greater proportion of the discoveries which have been 
made m natural science up to the present time depend upon observa- 
tions made with the eye, either with or without the aid of optical 
instruments The eye is, however, sensitive to only a very small 
part of the total radiation which reaches it, and it seems not unlikely 
that, if its range could be extended, many new phenomena would 
immediately come to light By the employment of photography and 
of mstruments which detect and measure the intensity of the infra- 
red or heat rays, much new information has been gathered, especially 
in the science of spectroscopy; but usually these methods have been 
apphed only in cases where the mvisible radiations weie known to bo 
present. It seemed quite probable that if photographic methods 
were applied to various physical phenomena which excluded the 
action of any but mvisible rays, new facts would probably be dis- 
covered I can illustiate what I mean by takmg two strikmg cases 
which were found at the very outset of the investigation, and which 
will be moie fully discussed presently 

If the finger be dipped mto powdered zmc oxide and rubbed 
over a sheet of white paper, eye observation is absolutely unable 
to detect the presence of the streaks made by the white powder, 
unless it has been very thickly apphed. If, however, we photo- 
graph the paper with ultra-violet light we obtam a picture in which 
the streaks are as black as if made with powdered charcoal This 
suggests that if we apply the process to the photography of the moon 
and planets, we have some reason to suspect that substances which 
can not be detected visually may come out in the photographs, a 
surmise which has been justified m one case at least This and 
other similar cases wiU be taken up in detail presently. 

As an lUustratioii of how the method may be applied to the mves- 
tigation of various physical phenomena, W'o may take another 
interesting case, in winch a now radiant emission from tbe electric 
spark has been discovered It was snspeefcod that the veiy short 

^ Lectoe before Llie II 03 al InsLiLution of Great Butaiji, ITncUv, May lo, 191 1 EeprlnLcd by permission 
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waves disco veied by Scliumaim, winch, are powerfully absorbed by 
air, might possibly lender the air fluoiescent, the emitted light bemg 
invisible, however, on account of its shoit wave length A heavy 
spark discharge was accordmgly placed behmd a small disk of metal, 
which cut off all the direct light, and the surioundmg region photo- 
graphed with a quaitz lens, which is transpaient to the ultra-violet 
rays. It was found that the au m the neighborhood of the spark 
actually did give off actmic mvisible lays, the photograph giving 
the impression of a luminous fog sui rounding the metal disk 
I will now show you an experiment which illustrates that two objects 
which can not be distinguished under ordmary illumination may 
appear quite diffeient when the light which dlummates them is 
restricted to certam regions of the spectium I have here two pieces 
of scarlet sdk which can not be distmguished the one from the other 
in the hght of the incandescent electric lamps which lUummate this 
room. I now extinguish the lamps and place the two pieces of silk 
under this Cooper-Hewitt mercury aic lamp, and as you see, one of 
them still appears scarlet as befoie, while the other appears very dark 
blue, almost black, in fact The peculiarity of the mercury lamp lies 
in the fact that it gives out litde or no red hght, consequently red 
objects in general appear almost black The peculiarity of this 
particular piece of silk, by virtue of which it appears quite as red as 
in ordmary hghts, lies m the fact that the red dye with which it is 
colored is fluorescent under the action of the green rays from the 
lamp; the red hght is manufactured, so to speak, from the green 
light by the colormg matter of the silk. If I place the arc lamp 
and the piece of silk behmd this large sheet of red glass, you will 
observe that the fabric is actually brighter than the lamp itself, 
probably eight or ten times as blight. We can form an image of the 
lamp on the silk with a lens, and the image wfll be many times 
brighter than the lamp, which might be taken as a refutation of the 
old and well-known theoiem in optics that no optical system can 
yield an image biightei than the source (0 Here is another piece of 
white silk upon which I have made, some red spots with this same 
dye. By the ordmary iHummation of the room it is seen to be white, 
with large pmk polka dots, something quite suitable for a young lady's 
summer gown I now place it behmd the red screen undei the 
meicury arc and it at once becomes quite diabohcal m appearance, 
bluish-black with flammg spots of scarlet, entirely unsiutable for the 
aforementioned purpose The dye which was used for colormg 
these fluorescent fabrics was rhodamm The conditions of illumma-- 
tion and observation are, of course, rather special m these cases, and 
I have introduced them merely to illustrate how the eye may be 
deceived under cerLam conditions 
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Practically all sources ol light m ordmary use give out more or 
less ulti a- violet light which plays no pait in vision, but which can be 
lendered apparent in various wa 37 -s I have on the table a new 
arrangement by winch those rays caij be separated fiom the visible 
ones The apparatus is practically identical with the device quite 
recently used by Pi of Rubens and myself foi isolatmg the longest 
heat waves that have been discovered up to the present time It 
can bo used as well for the isolation of the ultra-violet, smce its 
action depends upon the high refi active mdex which quartz has for 
these two types of ladiation The souice is, m this case, an electric 
spark contamed in tins box, and the ulti a- violet raj^s are bi ought to 
a focus upon a small circular apertuie m a cardboaid screen The 
focal length of the lens is so much greater for visible light that these 
rays do not come to a focus at all, but aie spread over a circular area 
of a diametci neaity half that of the Ions 

A penii^r lias been fastened to the center of the lens with wax, and 
this shields the apertuie from the cone of visible rays commg from 
the central portions of the lens If I hold a sheet of white paper 
above the apertuie you obseiwe that it remains dark— that is, no 
visible raj^s pass through to the paper, if, however, I substitute for 
the paper this mass of uramum nitrate crystals, the presence of the 
ultra-violet lays is made mamfest, the crystals slnmng with a brilliant 
green hght 

Ceitam vapors shine vutli a bnUiant hght when exposed to these 
mvisible lays One of tlie most stnlang is the vapor of metalhc 
merciuy, winch I can show 3^011 by boihng the metal in tins flask of 
fused quartz placed above the aperture The metal is boihng now, 
and you can all see the brilhant cone of gieen light which marics the 
path of the ultra-violet rays thiough the metalhc vapor If I hold 
a thm sheet of glass between tlie aperture and the flask, you will 
observe that the vapor instantly becomes dark, for the glass stops 
complete^ tlie rays in question 

The vapor of mercury exlnbits an absorption band m the ultra- 
violet region wluch resembles the band at wave-length 5893 shown 
by dense sodium vapor So powerful is this absorption that I have 
detected it in the vapor of mercury at i oom temperature It occurred 
to me that this light instead of bemg absorbed might possibly be 
reemitted by the vapor laterally in all directions To test this pomt 
I sealed np a chop of mercury in an exhausted flask of quartz, and 
focused the hght of the mercuiy arc (bmmng in a sihca tube) at the 
center of the bulb, which was not heated The bulb was then photo- 
graphed With a quartz lens, and the picture clearly showed the cone 
of focused rays precisely as if the bulb were filled with smoke. This 
Ls aiiothei veiy good example of how new discoveries may be made 
b 3 '' ultia-violet photography. 
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If the object to be photographed gives off visible rays in addition 
to the invisible ones, it is necessary to remove these by a suitable 
screen or lay filter We will begin by considering some remarkable 
effects which are obtained when sunht landscapes are photographed 
by means of the obscure rays at the extreme red end of the spectrum 
A screen can be prepared wduch transmits these rays, and is at the 
same time opaque to all other radiations, by combining a sheet of the 
densest blue cobalt glass with a solution of bichromate of potash or 
some suitable orange dye 

Such a scieen transmits a region of the spectrum comprised 
between wave lengths 6900 and 7500 Though this region is visible 
to the eye if all other rays are cut off, it is so feeble in its action that 
it pla 3 "s no part in ordmary vision, being overpowered by the other 
radiations We may thence, for convenience, call photographs made 
through such a screen infra-red pictures, though the infra-red region 
is usually considered as beginning at the point where all action upon 
the human retma ceases 

The photogiaphs which I am now going to show you were taken 
through such a screen, with the spectrum plates made by Wratten and 
Wainwnght The time of exposure was about three minutes m full 
sunhght, with the lens stop set at//8 The views weie, for the most 
part, made in Sicily and Italy, and have a very curious appearance, 
for while the sky comes out in all of them almost as black as mid- 
mght, the foliage of the trees and the grass come out snow white 
This pecuhar effect results from the failure of the atmosphere to 
scatter these long rays The green leaves, however, reflect them very 
powerfully, or, more correctly, transmit them, smee we are dealmg 
with pigment or transmission color If we look at a landscape 
through the screen, carefully protecting the eye from all extraneous 
light vuth a black cloth, we shall find that the trees shme mth. a 
beautiful rich red hght against a black sk}^- Tlus condition obtams 
only on very clear days, for the presence of the least haze in the air 
enables it to scatter the long rays, and you will notice that in those 
pictures which show the sky down to the honzon there is a pro- 
gressive mcrease in its lummosity as we pass from the zenith down- 
ward, as a result of the greater thickness of the mass of air sending 
the scattered rays to the camera 

Another point to be noticed is the mtense blackness of the shadows 
in the infra-red pictures, due to the fact that most of the hght comes 
directly from the sun and little or none from the sky, which remmda 
one forcibly of the conditions which obtain on the moon, where 
there is no atmosphere at all to form a lummons sky 

When we come to the subject of photographs made with ultra- 
violet light, we shall find that we have the conditions reversed, for 
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practically all of these veiy slioit waves aie scattered by the atmos- 
phere, and we have no shadows even in full sunhght 

We V ill now iiin tlirough the series of infia-ied pictures as lapidly 
as possible, for I have a considerable number of them The one 
which IS on the scieen is one of the finest in the collection (pi 1) It 
was made in the park at Florence, and shows the long diive, over- 
shadowed by trees, the one in the foreground being particulaily fine 
in appearance The next one (pi 2) was made at the bottom of 
one of the old quarnes or latomise at Syracuse, the view loolang out 
through a cavehke formation at a gioup of almond trees, mth vdnch 
the quarry is overgrovn 

Here is a fine row of cypresses glowing by an old gate, taken on 
a somewhat hazy day, with the sky appearmg a little lighter than 
usual Some of the pictures show the advantage gamed m bunging 
out the detail of distant objects seen tlirough the atmospheric haze, 
and it does not seem impossible that photographs of the brighter 
planets made tlirough an infra-red screen might piove mterestmg if 
the planets are surrounded by a light scattermg atmosphere, for we 
must bear m mmd that the surface of the earth, as seen from a neigh- 
boring planet, would be seen through a luminous haze, equal in 
brilliance to the blue sky on a clear day, that is, it would present 
much the same appearance as is presented by the moon when seen at 
noonday 

We will now look mto the question of how thmgs would appear if 
our eyes were sensitive only to ultia-violet light In applying the 
same method which we have used for the infra-red, we require a 
screen which is opaque to all visible light, but which transmits the 
ultia-vLolet 

Glass IS opaque to these lays, cuttmg them off almost completely, 
and for tins reason we can not employ glass lenses Quartz, on the 
other hand, is exceedingly transparent to these mvisible rays, but it 
is a little difficult to find a medium which is tiansparent to them and 
at the same time quite opaque to visible light Indeed, there is only 
one substance known which completely fulfills such a condition, 
namely, metallic silver If we deposit chemically a thm film of 
metalhc silver on the surface of a quartz lens, a certam amount of 
ultra-violet ladiation between 3000 and 3200 is able to struggle 
through and form an image on the plate 

I have used silver films thiough which the filament of a tungsten 
lamp is invisible The best thickness is that at which the tungsten 
lamp is just barely discernible. If the objects to be photographed 
are illuminated with the light of an electric spark, or some other 
source, rich m ultra-violet rays, much thinner films of silver can be 
employed, but in the case of sunlight, which has passed through the 
earth's atmosphere, the ultra-violet m the region for which silver 
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its lowest reflecting power and gieatest transparency lias been so 
tremendously weakened by atmospbeiic absorption, that it is neces- 
sary to employ thick films and long exposures, otherwise the action 
upon the photogiaphic plate results chiefly from the violet and ultra- 
violet rays, which are capable of traversmg glass 

As an illustration of the behavior of silver films of different thick- 
nesses, used as ray filters, we may take some pictures whicb weie 
made for the purpose of studying the reflectmg power of various 
metals, suitable for telescope mirrors, for ultra-violet photography. 
As silver reflects only about 4 per cent of the ultra-violet in the 
spectrum lange for which it is transparent, a silvered glass leflecting 
telescope for this purpose is obviously out of the question vSpeciilum 
metal is fanly suitable, but speculum mirrors of large size aie trouble- 
some, and difficult to procure I accordingly worked out a method 
of depositing nickel on glass. The glass is first silvered, and then 
electro-plated with nickel, by a process which. I Have desciibed 
recently in the Astrophysictd Journal (Dec , 1911) The double 
sulphate of mckol and ammonia is used with one or two dry cells 
The solution must be very dilute (10 grams or less to the liter), 
otherwise the nickel stiips the silver fiom the glass We have here 
four pictures of a silveied glass di&h, partially plated with mckel 
(pL 3, fig- 1) The silvered poition is marked Ag, the nickel Ni, 
while at G we have a spot of clear glass fiom winch the metal has 
been removed- The dish, stands agamst a flat plate of polished 
speculum metal Sp, and the metal surfaces reflect the light of the 
sky to the camera The first picture was made by blue and violet 
hght without any ray filter, and as you see the glass surface G is 
quite black, wlnlo the silvei reflects much more powerfully than the 
nickel. The following thiee pictures were made with a quartz lens, 
coated with silver films of mcreasing thickness The silver and 
nickel reflect to abou1> the same degree in the second picture, in the 
third the silver is much darker than the nickel, while in the fourth 
the silver is seen to reflect no more than the spot of clear glass G. 
This last was made through a film, through which a tungsten lamp 
was invisible If these ultra-violet rays were visible to us, metallic 
silver would appear to have about the same reflecting power and 
appearance as anthracite coal 

We will next take up the action of our atmosphere on these ultra- 
violet rays. I have taken two photographs of a man standing in the 
road in full sunshine, in the one case by ordmary light and in the 
other by ultra-violet radiation In the latter the shadow is com- 
pletely absent, Ultrar-violet behaves ni exactly the opposite way to 
the infra-red. The infra-red rays are enabled to drive through the 
atmospheie without being scattered laterally by the molecules of the 
air or the dust particles. The short or ultra-violet rays, on the other 
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hand; are completely scattered, so that the greater part of the ultra- 
violet light which reaches the surface of the earth comes from the sky 
and not directly from the sun If our eyes weie sensitive only to 
ultra-violet we should find the world appearmg not greatly different 
from the aspect which obtams at the time of light fog We should, 
indeed, see the sun, but it would be very dull, and there would be no 
shadows, just as there aie none on a foggy day We should walk the 
earth like Peter Schlemed, the shadowless man of the Geiman fable 
The next pictuie (pi 3, fig 2) illustrates the opacity of ordinary 
window glass to ultra-violet radiation It will be noticed that there 
IS no trace of the landscape seen through the glass wmdow, although 
xt is clearly rendered m the companion picture taken wnth visible light. 
Another difference to be noted m these pictures is that the flowers in 
the garden, which are white m the picture taken with visible light, 
disappeai entirely in the picture taken by means of the ultra-violet 
radiation The white garden flowers become almost black, as is 
shown m plate 4, figure 1, which shows white phlox photographed by 
visible and ultia-violet light. It occurred to me that this ahihty of 
the white flowers to absorb the ultra-violet lays might play some 
economic part m the growth of the plant I therefore experimented 
with some flowers which had been grown under glass, and had thus 
been deprived of ultra-violet, but I was unable to find any marked 
difference between those which had been grown in the open and 
others which had been deprived of their full quota of this radiation. 
It is possible that if the experiments were carried on through the 
course of a number of generations, we should find a difference I 
have found, however, that all white flowers are not equally dark when 
photographed with ultra-violet hght White geramums, for example, 
come out much lighter than common white phlox, which is practically 
black when photographed through the silvered quartz lens 

In order to demonstrate the difference in the appearance of one of 
the common pigments when viewed respectively with visible light and 
with ultra-violet radiation, some letters were painted in Chmese white 
on a page of a magazme In the photograph (ph 4, fig 2) taken with 
visible -1 ' r' h . ' 'o appears as white as the paper itself, if 
notmd ' b . , (■ 'giaphcd with the ultra-violet radiation, 

it comt 'M. *1 — , c- ■ \ ' f-*lc One may say that what is Chinese 
white m visible hght becomes Japan black in ultra-violet. Under 
this radiation also black prmter^s ink becomes hghter than in visible 
light. This failure in the reflecting capacity of Chinese white is a 
source of some annoyance in reproducing drawings executed in part 
in this medium, as has been poiiued out by ilr, A J Nevton. In 
woikmg vith my Chinese white I made a mistake in one letter in the 
word appeals, and carefully wiped it out, leavmg no trace of the 
38731 °— Sir 1911 ^11 
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corroction discernable in visible light, but when the photograph was 
made with the ultra-violet, the erasure, otherwise invisible, showed as 
a black smudge. The ultra-violet camera lis evidently very much 
more sensitive than the eye to the presence of traces of Chinese w^hite 
on the punted page, for so far as I could see every particle of the 
pigment had been removed Whether this has any bearing upon the 
detection of forgeries has yet to be discovered 

Another class of work m which this comparative study is likely to 
be of semce is the photography of celestial bodies For the full 
moon the exposure through the silver screen was two minutes with 
ultra-violet light belonging to the region 3000 to 3200 This length 
of exposure necessitated an equatorial telescope with some means of 
driving it to compensate for the moon’s movement The support for 
my telescope was the framework of an old bicycle minus the wheels. 
This carried a 4-inch refractor and a quartz-silver telescope, and by 
the operation of a httle screw it was possible to follow the moon 
accurately for half an hour. It wdl be seen at once (pi 5) that there 
IS very httle difference between the ordmary image of the moon and 
the one which is shown us by the ultra-violet radiation Nevertheless 
in the neighborhood of Aiistarchus, which is the brightest ciater on 
the lunar surface, the photograph taken with the ultra-violet rays 
shows a dark patch which is absent on the one taken with visible 
light. I made an enlargement of the region m which this crater 
appears, and it is evident that there is m its neighborhood a large 
deposit of some material which can only be brought out by means of 
the ultra-violet These photographs of the moon make it appear 
extremely probable that by carrying on experiments of this iiatuie 
on a larger scale we might get a good deal of new infoimation as to 
the materials of which the moon is composed. It is possible to 
examine the igneous rocks of the earth under the different radiations, 
and then compaie them with the pictures of celestial objects obtained 
at the same \vave-leDgths. I have found that some rocks, which when 
lUuininated by ultra-violet rays appear darker than others, are lighter 
than the others in visible light. 

[Note added Octobei, 1911 ] 

[I have had constructed a 16-inch mirror of 26-feet focus which 
I have coated with nickel, for extendmg the study of the ultra- 
violet photography of the moon and planets. This is now being used 
in combination with a plate of the new ultra-violet glass, 12 centi- 
meters square and 1 millimeter thick, heavily silvered. The plate 
was made by Zeiss, and I find that it is quite as transparent as quartz 
for the rajB transmitted by the silver filter. Thk reflector was 
mounted on the 23-inch equatorial of Princeton University, and 
some veiy fair pictures have been obtained, though the moon’s motion 
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in declination 'could not be followed toUi sufficient accuracy to 
secure tbe best results Figure 7 (pi. 5) shows two views of the 
region around Aristarchus (indicated by an aiiow), one made with 
yellow, the other with ultra-violet hght The dark deposit to the 
right of the bright crater comes out veiy clearly in the latter. The 
markings to the right of this region are quite different m the two 
pictures. Immediately below the pictures of the moon are three 
photographs made of two samples of volcamc ^Huff” arranged one 
upon the other, with the crater Aristarchus marked with white chalk 
(as a check upon the exposure) The left-hand picture was made 
with yeUow hght, and the central specmien is hghter than the one 
surroundmg it The right-hand one was made with ultra-violet, 
and shows the central specimen distmctly darker. The middle 
picture was taken with violet hght, which shows the two specimens 
of very nearly the same luminosity I made an analysis of the 
fragment of tuff which photographed daik m ultra-violet hght, and 
found that it contamed iron and traces of sulphur Photographs of 
rocks stamed with iron oxide did not show the required pecuhanty, 
and I accordmgly attributed the result to the sulphur A hght deposit 
of sulphur was foimed on the surface of a piece of hght-gray rock by 
direcimg a fine jet of sulphur vapor agamst it The deposit was so 
shght that absolutely no trace of it could he detected by the eye The 
specimen was then photographed with yellow, violet, and ultra- 
violet hght, and it was found that the deposit was quite mvisible in 
the first picture, famtly visible in the second, and quite black in the 
third — precisely the pecuhanty shown by the deposit surroundmg 
the ciater Aristarchus Plate 6, a, 5, c, show the gradual appearance 
of the deposit , which is an oval spot in the center of the specimen I 
feel mclmcd, rherefore, to attribute this spot to an extensive deposit 
of sul])har, resulting from vapor ejected from the crater. The shape 
and vast extent of the deposit has always suggested to me that it 
resulted from material driven out in a volcamc blast ] 

Rotiuming now fiom the moon to the physical laboratory, we will 
consider a fmdhor phcnonienoT) which has been discovered and studied 
In means of 2:)hotogiap]iy in the ultra-violet region. The vapor of 
merciuy has an absorption band in this legion at wave length 2536, 
which I have made the subject of a somewhat extended investigation. 
At low pressures the line is veiy narrow,, resembling one of the D 
Imes of sodium, and I have detected its presence in mercuiy vapor 
at room temperature by employmg a tube 3 meters long closed with 
quartz plates It occurred to me that this vapor might piove to 
be the substance which I have long sought for the study of what I 
have named i o:5onanc0 radiation, i. e , a I'^-emission of light by absoip- 
ing molecules, oi jirecLsely ihe same wave length as that of the light 
absorbed. Sochiun vapor was found to exhibit the phenomenon, 
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but the expeiimental difficulties were so great that Very little was 
acconiphslied A small box was made of brass and squaie plates of 
quartz. The niside was varnished and blackened with soot, a drop 
of mercury introduced, and the box exhausted The camera with its 
quartz objective was now trained on the box, and a beam of light 
from a mercuiy lamp (quartz) focused at the center of the box. 
Though the eye could see no trace of the cone of rays, the photograph 
brought it out as distinctly as if the box was full of smoke. An ex- 
posure of only 1 second was necessary, and with a 10-second expo- 
sure the spectium of the light scattered by the vapor was secured 
It was found to consist of a smgle hne only (the 2536 Ime), though the 
light entermg the box was the total radiation of the mercury arc, the 
spectrum of which contamed hundreds of hnes The pressure of the 
mercury vapor was about 0 001 miUimeter, in other words, TTjfrnnr 
of the pressure of the air m the room It seems most extraordmary 
that a vapor at such a very low piessure and at the temperature of 
the room should glow so brilliantly with invisible light. A httle fur- 
ther experimenting resulted in a further discovery. It was found 
that if the box was filled with an* at atmospheiic pressure, the cone 
of rays gloved feebly in the meicury vapor vuth which the air was 
saturated. As the pressure was reduced theglowinci eased in briUiancy, 
reachmg its maximum at a piessure of about 5 milhmeters As the 
exhaustion was pushed further the mercury vapor outside of the 
cone became lummous, and at the highest vacuum attamable the glow 
filled the entne box Tins is secondary resonance radiation excited 
by the piiniary radiation of the mercury vapor, which is excited by 
the cone of focused rays The brilliancy of the cone remamed about 
the same, so that we can not attribute the burstmg out of this sec- 
on Jar}^ fluorescence to a mere inciease in the brilliancy of the directly 
excited vapor 

Expei'iments aie now in imogress to determine why the presence of 
a few millimeters of air destroys all trace of the secondary radiation. 
Photographs of the glowing vapor m air at pressures of 5 milhmeters, 
1 millimeter, and 0 are reproduced m plate 6, e^f. 

If we put the di^op of mercury m a small flask with very thick 
walls, exhaust the axr, and seal the neck of the flask with the oxy- 
liydrogen flame, we are in a position to study this interesting type 
of radiation in mercury vapor at high pressures I found that as 
the temperature of the flask was raised the radiation came from a 
region nearer and n^rer the front surface, which wa^ illummated by 
tht rays from the lamp, and that when the pressure was about 10 
atmospheres the ray from the lamp, which had a wave length of 
2536, was selectively reflected from the surface of the vapor, pre- 
cisely as if the inner surface of the bulb were plated with silver The 
other rays passed through the bulb with their usual facihty. I am 
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at the present tune engaged hi the study of just how the change 
from the resonance radiation (which la scattered m all directions) to 
the regular reflection takes place, a matter of great mterest m con- 
nection with the theory of absorption and reflection. As a matter of 
fact, I expect it to turn out that the mercury light does not absoib 
the hght at all, for experiments mdicate that the lateral emission of 
the ulti a- violet hght is about as bright as when white paper is used 
to scatter the light 

Another mterestmg Ime of mvestigation which I have recent U 
cained out illustrates how new diseoveiies may be made by the aid 
of ultra-violet photography It ocemTed to me that the air sur- 
roundmg an electric spaik might possibly be lendered fluoiescent b} 
the absorption of the very short ultra-violet waves discovered by 
Schumann, but that the flourescence might be made up wholly of 
ultra-violet hght and consequently invisible I therefore photo- 
graphed the region surioundmg a powerful spark dischaige with a 
quartz lens, shielded fiom the direct hght of the spark by a cucular 
disk The photograph, when developed, showed a highly luminous 
aureole surroundmg the spark and extendmg out m all directions to 
a distance of nearly 2 centimeters It was now necessary to prove 
that this was not hght scattered by the dust particles m the air To 
do this we have only to protograph the spectrum of the aureole. If 
it IS similar to the spectrum of the spark we are safe in attributing 
it to scattered hght It it differs we know that it must be fluores- 
cence, 01 the genesis of waves of different wave length from any pres- 
ent m the Hght of the spark A photograph of the region surromid- 
ing the spark was made with a quartz spectrograph, and it was at 
once found that the spectrum was whoUy different fiom that of the 
spark; m fact, it was almost identical with that of the oxy-hydrogen 
flame For the further study of the phenomenon, a piece of appa- 
ratus was devised by which the light of the spark could be moie effec- 
tually shut off A small hole was bored through a plate of alummum 
fastened to the end of a short vertical brass tube. This i^h t(' lo' rned 
one electrode, the spark passmg between an alummuin vor] l\.iig 
along Ihe axis oF the tube and the underside of the plate at the point 
peiforaled by the hole. 

In a perfectly dark room, if the eye was held a httle below the 
plane of the plate, no luminosity could be seen in the air above the 
hole, if it was reasonably free from dust, yet a photograph taken wnh 
a quaitz lens showed a bright beam, or squht, of hght issiimg fiom 
the hole A photograph of the phenomenon is here shown, and you 
vnW notice the strong resemblance which it bears to a comet (pi b. g) 

Many weeks have been spent in an attempt to determine the 
exact origin of this radiation, and the question has proved to be the 
most bafllmg one which I have ever attempted to solve. The woik 
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is still m progress, and many remarkable observations have been, 
made, each one leaving ns more in the daik than before As an illus- 
tration I may mention a ciiciimstance discovered by Di Ilemsalech 
and myself last witer in Pans We found that if a jot of air was 
blovm through the sqiuit of light, the luminosity was destioyed m the 
region tiaveibod by the mo^ang ciuront of air, but was of undmim- 
ished intensity both above and below this region This makes it 
seem as if the emanation which comes fiom the spaik, and which 
causes the luminosity of the an, must act for a brief tune upon the 
air m older to cause the hmiuiosity It also shows that the emana- 
tion, whatever may be its natuie, is not swept aside by the air current 
We have also found that othei gases become luminous when sub- 
jected to the spaik emanations, the spectrum m each case being 
diffeient and pecuhar to the gas used, electrolytic hydrogen, for 
example, giving a strong luminosity 
It IS thus apparent that by employmg this '^photogiaphic eye’^ of 
quartz many new phenomena may be brought to hght which have 
previously hidden themselves behmd the limitations of the human 
eye A study of the absoiption by the candle-flame of ultra-violet 
has also been made In this case the hght emitted by the candle 
falls out of the pioblem, for its flame emits little or no ultia-violet 
I can show you a photograph of the shadow cast by a flame of this 
description, and you will observe that the shadow is blackest at the 
point where the flame is brightest, that is,, at the pomt where the 
minute carbon particles, which, by their mcandescence, cause the 
luminosity, are bemg set free from the hydrocarbon vapor 
TJioie aie other questions -which can doubtless be investigated to 
advantage by means of ultra-violet photography It is well known, 
foj; example, that the amount of ultra-violet light emitted by a body 
increases vith the tempeiature. By photogiaphing groups of stars 
through the quartz silver filter, and comparmg the photometric 
intensities of the miages obtamed m this way with the intensities 
as shown on a plate made by means of yellow hght, valuable data 
imght be obtamed. This method is merely an extension of one 
already m use at the Harvard Observatoiy 
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My tlieme is to depict for you, as cleaily as I may be able, the part 
which electiochemistry is playing m modern mdustiial piocesses. 
I have no exhaustive catalogue of electrochemical processes to present, 
nor columns of statistics of these industries, but my object will be 
to classify the various activities of electiochemists and to analyze 
the scope of the electiochemical industries 

SCOPE OF ELECTnOCHEMrSTRY AND ELECTROMETALLURGY 

Uheimstry is the science which investigates the composition of 
substances and studies changes of composition and reactions of 
substances upon each other As an applied science, it deals chiefly 
with the workmg over of crude natural matenal, and its conversion 
mto more valuable and more useful substances 

Some common examples, to illustrate this statement, are the 
conversion of native sulphur into sulphuric acid, the manufacture of 
soda and hydiochloric acid fiom common salt, the conversion of 
phosphate rock into superphosphate feitihzei, etc* Several pages 
would not sufFice to merely catalogue the gieat variety of chemical 
industries, immense amounts of capital aie invested in them and 
they aie some of the most fundamental industries in their relation to 
supplymg the needs of a rapidly advancmg civihzation* 

Metallurgy is the art of extractmg metals from their ores, and of 
purifymg or refining them to the quality required by the metal- 
working mdustnes It is a branch of apphed chemistry The 
metallurgical industries form a highly important part of our national 
resources, on them we depend for iron, steel, copper, brass, gold, 
silver, lead, zanc, aluminum, etc,, in fact for aU the supply of metals 
used in arts and mdustry* 

Electrochermstry is the art of applymg electrical energy to facihtat- 
ing the woik of the chemist It is chemistry helped by electncity. 
It is the use of a new agency m accomplishing chemical operations, 
and it has not only succeeded m f acihtating many of the most difficult 
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and costly of chemical leactions, but it has in many cases supplanted 
them by quick, simple, and direct methods, it has even, in many 
cases, developed new reactions and pioduced new materials which 
aie not otherwise capable of bemg made A few examples will 
illustrate these points Caustic soda and bleachmg powder are made 
fiom common salt by a senes of operations, but the electrical method 
does tins neatly and cheaply in practically one opeiation, Imie and 
carbon do not react by ordinal y chemical piocesses, but in the electee 
furnace they react at once to foim the valuable and famihar calcium 
caibide, carbon stays carbon except when the intense heat of the elec- 
tiic furnace converts it mto artificial graphite The list of such opeia- 
tions is a long one, and it may be said that the chermst has become a 
much more lughly efficient and accomplished chemist smee he became 
an electrochennst, and he is becommg more of an electrochemist daily. 

Electr&inetaUurgy apphes electiic eneigy to facihtatmg the solution 
of the problems confiontmg the metallurgist Its bu th is but recent, 
yet it has rendered invaluable service, it has made easy some of the 
most difficult extractions, has produced several of the metals at a 
small fraction of their former cost, and has put at our disposal m com- 
mercial quantities and at practicable prices metals winch weie formerly 
unknown or else mere chemical cunosities It has, further, refined 
many metals to a degree of puiity not previously known The metal- 
lurgist is rapidly appreciatmg the possibihties of electrometallurgical 
methods and they already form a considerable proportion of present 
metallurgical practice* 

Apphed electrochemistry, covering in general all of the field 
just described, is therefore an important part of chemistry and 
metallurgy, and is rapidly increasing in importance It is a new 
art, people are really only beginmng to understand its principles 
and to appreciate its possibilities, it is an art pursued by the most 
energetic and enterpiising chemists, with the assistance of the 
most slalled electricians Some of its most promment exponents 
are electrical engineers who have been attracted by the vast possi- 
bffities opened up by these applications of electricity The chem- 
ists have worked with electncity hke children with a new toy, or a 
boy with a new machme; they have had the novel experience of 
seeing what wonders their newly applied agency could accomplish, 
and it is no exaggeration to say that they have astomshed the 
world— and themselves. 

THE AOENTS OT ELEGTROOHEMISTRT 

The operatmg agent in electrochemistry is, of course, electee 
energy, which may be used in three classes of apparatus, viz: 

I Electrolvtic apparatus 
II* \Z]( i and discharges m gases. 

Ill Electric furnaces* 
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I 

Electrolytic apparatus and processes use or utilize the separating 
or decomposing power of the electric current Whenever an 
electric current is sent through a hquid material which is compound 
in its nature, i. e , a chemical compound, the current tends to decom- 
pose the compound into two constituents, appearing respectively 
at the two pomts of contact of the electiic-conductmg circuit with 
the liquid m question, i e , at the suiface or face of contact of the 
iindecomposable conductmg part of the circuit with the decompos- 
able part If the current has a definite direction the constituents 
appear at definite electrodes. The action is simply the result of 
the current extractmg (or tending to extiact) fiom the electrolyte 
one of its constituents at each of the two electrode surfaces All 
subsequent changes following upon this primary tendency of the 
cuiTent aie called secondary reactions, and are practically simul- 
taneous with the pnmaiy These may even be regarded as truly 
primary reactions also, the pnmitive decomposing or separating 
power of the current passing being regarded only as a tendency 
or a determining cause which practically results m the reactions 
actually taking place. 

This agency is an extremely vigorous and potent force for produc- 
ing chemical transformations It enables us, for instance, to split 
up some of the stiongest chemical compounds into them elementary 
constituents, to convert cheap materials into much more valuable 
denvatives, to purify impui'e materials, m short, to perform easily 
some very difficult chemical operations and m some cases to perform 
chemical opeiations otherwise impossible A description of all 
these various piocesses would take a volume, but a short explanation 
of a few of them will make the principles clear and suffice for my 
present purpose 

Electrolysis of water — ^As a raw material, water may be said to 
cost nothmg Apply an electric current to it in the proper way, 
and it is resolved into its constituent gases, hydrogen and oxygen, 
as cleanly and perfectly as anyone could desire These gases have 
many and various uses, and are valued each at several cents per 
pound A whole industry has thus grown up, based on the simple 
electrolysis of water, to supply these two gases for various industrial 
uses. Europe possesses many of these plants, there are a few in 
the XJmted States. The speaker has translated from the German 
a small treatise on this industry, 

Electroly^s of salt — Common salt, sodium chloride, is one of 
the cheapest of natural chemicals It has some uses of its own, 
but centuries ago chemists and even alchemists devised chemical 
processes for transforming it into other sodium salts, such as caustic 
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soda or soda lye for use in soap, soda ash or carbonate, for washing 
or glassmaking, and into chlorine bleaching materials Chemical 
works operating these rather comphcated chemical piocesses exist 
on an immensG scale in all civilized countries, it is estimated that 
$50,000,000 IS thus invested in Gieat Britain alone The electrolytic 
alkali industry is baiely 20 yeais old, yet it is already more than 
holding its own vnth the older choimcal piocess, and advancing 
rapidly, 20 years more wiU probably see the older processes entirely 
superseded — they are at piesent fighting for their existence As 
for the elecliolytic process, the salt is simply dissolved m water 
and by the action of the cunent conveited into caustic soda at one 
electrode and chlorine gas at the other By some special devices 
these are kept separate and collected by themselves, and the work 
IS done. The prmciples involved are simplicity itself as compared 
with the older chemical processes, the only agent consumed is electric 
eneigy, and the products are clean and pure 

OJilorafes — These are salts used on matches and in gunpowder 
Chlorate of potassium is a valuable salt with important uses It is 
made from common cheap potassium chloiide, in solution in water, 
by simply electroh^zmg the solution without tiymg to separate the 
pioducts forming at the electrodes It is a simpler opeiation than 
the production of electrolytic alkah Chloiate thus foims in the 
warm solution, and is obtained by lettmg the solution cool and the 
chlorate crystallize out The ordinary chemical manufacture of this 
salt was tedious and dangerous; the electrolytic method has practi- 
cally entirely superseded jt. 

Perchlorates — ^These salts have more hmited uses, but are made by 
expensive chemical methods. The electrolysis of a chlorate solution 
at a low temperature, without separating the products formed at the 
two electrodes, results in the direct and easy production of perchlo- 
lates. I cite this more to illustrate what I might call the versatility 
of the electrochemical methods, rathei than because of its commercial 
importance 

Metalhc sodium — ^The caustic soda produced from salt can itself be 
electrolytically decomposed, tins is the easiest way of producmg 
metallic sodium Sir Humphry Davy discovered sodium by electro- 
lyzmg melted caustic soda, and at tMs moment several large works 
are workmg his method on an immense scale The caustic contams 
sodium, hydrogen, and oxygen, and the current simply hberates the 
sodium as a molten metal and frees the other two as gases which 
escape into the au\ The process is simphcity itself — ^when the exact 
conditions are known and rigidly adhered to. Metallic sodium is a 
very useful mateiial to the chemist, and the electrolytic method, 
produces it at probably one-fourth the cost of making it m any purely 
chemical way 
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Magnesium — ^Tlas is a wonderfully light metal; whose chief use is 
m flashlight powders Its compounds are abundant in nature, but 
its manufactuie by any other than the electrolytic method is almost 
impracticable The operation consists in simply passing the decom- 
posing cuiiont through a fused magnesium salt — a chloride of 
magnesium and potassium found in abundance m Germany. 

Alnmimum — ^The most useful of the light metals, an element more 
abundant in natme than non, yet which costs by chemical methods 
at least $1 per pound to produce; electio chemistry enables the 
makeis to sell it at a piofit at $0 25 per pound. This is probably the 
most useful metal given to the woild by electrochemistiy Although 
the Fiepch chemist Deville obtained it by an electrolytic method m 
1855; yet he had only the battery as a source of electric curient, and 
the piocess was too costly Tins very city of Pitfcsbuigh was the leal 
ciadle of the electiolytio manufacture of alumimum, when m 1889 
Ml Chailcs M Hall, wnth the financial assistance of the Mellons and 
the business assistance of Capt A E Hunt, commenced to woik his 
piocess up at Thirty-third Street on the West Side The principle of 
the process is heie agam one of beautiful simplicity — when it is once 
made known Alumimum oxide, abundant m nature, is mfusible in 
ordmary fuinaces, but easily melts and dissolves, hke sugai m water, 
m certain veiy stable and liquid fused salts — double floundes of alu- 
minium and the alkah metals On passmg the electiic current 
through this bath, the dissolved aluminium oxide is decomposed, 
appearmg at the two electrodes as aluminium and oxygen, respec- 
tivety When all the oxide is thus broken up, more is added, and 
the opeiation continues One of the most difficult pxoblems of 
orihnaiy chemistiy is thus simply, neatly, and effectively solved by 
electiochenustry The lower cost of power at Niagara Falls diew the 
industry avray fiom Pittsburgh m 1893, and it is now run on an 
immense scale at several places where water power is cheap and 
abundant Mechanical power is, however, bemg produced cheaper 
every yeai , gas engines have halved the cost of such power, steam 
turbines on exhaust steam may even do better, theie is no inherent 
impossibflity m the return of the alumimum industry to the Pitts- 
burgh distiict Many other factors besides cost of power bear on 
the question — cost of labor, abundance of labor, cost of caibon, coal 
for heating, various supplies, railroad freights, nearness to the con- 
sumers, and many otlier considerations must be taken mto account. 
Aluminium is certainly destined to become the most impoitant metal 
next to iron and steel, and, as far as one can now foresee, will always 
be produced electrochemically To have accomphshed the estab- 
hshment of this one single industry would of itself have proved the 
usefulness of electrical methods and their importance to chemistry 
and metallurgy 
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Refiruing of metals — -Unless metals aie of lugh punty they are 
usually of very little usefulness Electrolytic methods enable almost 
perfect purity to be easily attained, and in addition permit the separa- 
tion at the same time of the valuable gold and silver contamed m small 
amounts in the baser metals Over Ji5100,000,000 worth of copper is 
electrically refined eveiy year in the United States; the metal pro- 
duced IS purer than can be otheiwise obtained, giving the electrical 
engineer the highest giade of conducimg metal, while several milhon 
dollars’ woith of gold and silvei aie recoveied which would otherwise 
have to be allowed to xemain m the coppei Again, the method is so 
simple that but a few words are necessaiy to set it foith in principle 
The impure coppei is used as one elcctiodc — the anode — ^in a solution 
of coppei sulphate containmg some sulphiinc acid, the receiving elec- 
tiode — ^the cathode — ^is a thm sheet of pure copper, or of lead, greased. 
The electric action causes pure copper only to deposit upon the cath- 
ode, if a properly regulated curieni is used, wlnle a coiresponding 
amount of metal is dissolved from the anode Silver, gold, and plati- 
num are uudissolved, and remain as mud or sediment m the bottom 
of the bath, other impurities may go into the solution, but are not 
deposited on the cathode if the cmrent is kept low The cost of this 
operation is small, and the lesults are so highly satisfactoiy that 90 
percent of all the copper produced is thus rehned. Similar methods 
are m use for refining other metals, silver, gold, and lead are thus 
refined on a large scale, antimony, bismuth, tin, platinum, zinc, and 
even iron can be thus refined, the field is very inviting to the experi- 
menter and to the technologist, and is rapidly mcreasmg m industrial 
importance. 

Metal plating — ^AU electioplatmg is done by the use of electrolytic 
methods similar to those just described If we imagine the impure 
metal anode replaced by pure metal, and the leceivmg cathode to be 
the object to be electroplated, we have before us the electroplating 
bath ready for action Everybody Imows the value and use of gold, 
silver, and mckel platmg, less well Icnown are platinum, cadmium, 
chromium, zmc, biass, and bronze plating. These are among the 
oldest of the electrochemical mdustries Electiotyping is only a 
variation of this work, also the electiolytic reproduction of medals, 
engravings, cuts, etc , and even the pi eduction of metalhc articles of 
various and complicated forms, such as tubes, needles, murors, vases, 
statues, etc. The speaker has translated from the German a mono- 
graph concerrung these last-named uses of the electric current. There 
is opportumty here to hardly more than catalogue these various 
branches of electrometallurgical activity. Pittsburgh people will be 
interested, however, m knowing that many of the newer buildings m 
this city contain thous^^nds of feet of electrical conduits zinc plated 
in splendid fashion by electrolysis, at a works withm a few amles of 
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this city. At McKeesport tubes are coated on an immense scale^ 
by dippmg into melted zinc, but the electrolytic method is gaming a 
foothold, and we may hve to see all galvanizing in reahty practiced 
as it IS spelled The removing of metalhc tm fiom waste tm sciap is 
also accomphshed on a large scale by the application of similar pnii- 
ciples It IS being opeiated at a distance from Pittsburgh, but your 
opendiearth furnaces use up annually thousands of tons of the scrap 
steel thus cleaned and saved for remanuf actiu e uito useful shape 

Without having mentioned or desciibed moie than a fraction of the 
electiolytic methods in actual mdustiial use, I hope that I have made 
clear the importance and extent of tins land of electiodiemical proc- 
esses Assuming this, we will pass to the consideiation of another 
entirely different and yet important class of apparatus and processes, 

II 

Electric aics and high-tension dischaiges through gases are capable 
of pioducmg some chemical compositions and decompositions which 
aie veiy useful and piofitable to operate This is a branch of electro- 
chemistry which has not been as thoioughly studied as some others, 
its phenomena aie not as thoroughly under control as electrolysis and 
electrothermal reactions, and its possibihties aie not as thoroughly 
understood or utilized 

Ozone IS bemg made from air by the silent discharge of high-tension 
electee cuirent The apparatus is so far simphfied as to be made in 
small units suitable foi household use, leady to attach to a low-tension 
alternating curient supply. The uses for the ozone thus produced 
aie paiticulaily foi puiifymg water and air It makes very impure 
watei perfectly safe to dimk and puiifies the air of assembly halls 
and sick »ooms, acting as an antiseptic Accoidmg to all appear- 
ances, this electrochemical doublmg up of oxygen into a more efficient 
oxidizing form is developmg mto a simple and highly efficient aid to 
healthy hvmg 

Nitric acid is an expensive acid made from the natural alkaline 
nitrate salts, such as Chih saltpeter These mtrates are the salvation 
of the agiicultunst, for they fuimsh the ground vnth the necessary 
mtrogen which plants can assimilate. The Chih ‘^mtrate longs 
have gained many millions of dollars, even hundreds of milhons, in 
thus supplymg the woild's demand for fertilizer But electro- 
chemistry has another solution to this pioblem, which is lapidly 
rendering every country which adopts it independent of the foreign 
fertihzer. The air we breathe contains uncombmed nitrogen and 
oxygen gases, which, if combmed and brought into contact mth 
water, furnish the exact constituents of mtnc acid The way to do 
this has been laboriously worked out, and the electric arc is the agent 
which does it. Air is simply blown into the electee arc, where it for 
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an instant partakes of the enormous tempeiature, and on leaving the 
arc is cooled as quickly as possible In the arc the combination of 
nitrogen and oxygen is effected to a certain extent, and the mixtuie 
IS cooled so suddenly that it does not find time to disumte The 
nitrogen oxides thus obtained aie drawn through water, and this 
solution of nitric acid is run upon soda to produce sodium mriate or 
on lime to produce calcium mtrate, the latter called mtiohme ox 
'^Norwegian saltpeter These salts entiiely leplace the South 
Amencan natural salt 

The matenals used in this industiy are air and hme, and to these is 
added electrical eneigy An is umversal, hme cheap almost every- 
where, and electiical enei’gy is cheapest where water powers are most 
abundant In Norway watei power can be developed and electiical 
energy supphed from it at a total cost of $4 to $8 per horsepower year 
Some other countries can do nearly as well Under these conditions, 
almost every country can afford to make its own mti ates and so be 
mdependent of other countries for the fertilizer needed m peace and 
the gunpowder used in war Norway fehcitates itself already on 
bemg thus mdependent Nearly 200,000 horsepowei is being utilised 
there by a $15,000,000 syndicate, and the industiy is spreading 
rapidly over Em ope, The study of tins pioblem, its solution, and 
the lapid development of this vigorous mdustry, is one of the most 
remarkable chapters in the history of recent mdustnal development 
In this accorapliahment electrooheroistiy has signally aided the agri- 
culturist and. demonstrably multiphed the food-supply resources of 
all civilized and highly populated countries. 

Boron is an element which has until recently defied the best efforts 
of chemists to isolate in a pure state. It is an element which may 
have important application m the manufacture of a high-class special 
steel — boron steel Di. Weintraub, one of our fellow membeis, has 
recently solved the pioblem of its production by an adaptation of the 
‘^oxygen-nitrogen^’ arc apparatus and utilizmg the same prmciple 
of introducing the matenal into the aic and very lapidly coolmg the 
pioducts obtamed We mention this not because of its great commei- 
cial importance at present, but because it shows how the “ aic method ’’ 
may be of wide application in solving other difficult chemical prob- 
lems It has opened before us a new method in chemical science, and 
may give birth to many and various new chemical mdustjies. 

in 

Electric furnaces are furnaces in which the necessary heat or 
degree of temperature is produced or attained by means of electrical 
energy* The electric current is used in these furnaces solely for its 
heating or thoirnal oifrct, and either altematmg or direct current may 



ELECTROCHEMISTRY — RICHARDS 


175 


bo used, but alternating is preferred because of its easier geneiation 
and management, capabJity of bemg stepi:>ed up or down by trans- 
formers, and absence of electiolytic effects 

Electric furnaces render remarkable and iugbly valuable service to 
tbe cbemist and metallurgist, for two distinct and unique capabilities, 
they can generate heat vathm themselves vnthout the use of combus- 
tion and the consequent products of combustion to complicate the 
working of the furnace, and they can besides, if desirable, produce 
temperatures absolutely unapproachable in furnaces usmg fuel, and 
thereby enable the carrying out of operations only possible at these 
extremely high temperatures The upper limit of electric furnace 
temperature is simply the volatihzing point of carbon, the tempera- 
ture at which the material of which the hmng of the furnace is made 
is boiled awa3^ Tins is about 3,700"^ C oi 6,700^ F The simple 
statement that this is thiee times as high as the melting point of cast 
iion ma>y give some notion of the enormous temperature here at one’s 
command Besides intense temperature, the efficiencj" of apphcation 
of electrical heat to the useful purpose is usually high, m many ca§es 
50 to 75 per cent of all the heat developed can be usefully apphed, as 
agamst 5 to 50 i>er cent utilised m fuel-fii*ed furnaces. The heatmg 
value or thermal equivalent of the electric current is perfectly defi- 
nitely known; 1 kilowatt-hour will furnish 860 calorics (3,400 B t. u ), 
which if apphed usefully at 100 per cent efficiency would brmg to 
boiling and convert mto steam 1 35 kilograms (3 pounds) of water, or 
brmg to melting and melt about 3 kilograms (7 5 pounds) of cast iron, 
or 2 5 kilograms (5 5 pounds) of steel. 

Artificial graphite is a product particularly electrochemical m its 
manufactuie Your fellow townsman, Di E G. Acheson, has prac- 
tically cieated this industry and his name sticlcs to the product — 
Acheson graphite No temperatuie but that of the electnc furnace 
can convert the ordmary amorphous carbon, containmg small amounts 
of foreign substances, into pure, soft, homogeneous, unctuous 
graphite. The purity of the product and its quality has even sur- 
passed the ai tifice of mother nature herself. Whereas, before, graphite 
m small scales was laboriously gathered from Ceylon and Siberia, 
and with gieat pains worked up into graphite articles, now the articles 
are simply molded in ordinary impure amorphous carbon, and con- 
verted through and through, retainmg their shape, mto finished and 
complete graphite articles. What this highly pure product is going 
to do for lubrication, for annihilating the friction of the world’s 
machmery, perhaps only a few* suspect and only Mr. Acheson knows. 
You will all know more about this soon, and everyone of you who 
uses machmery will profit by it Meanwhile, in another direction, 
probably half the electrochemical mdustnes now operating are bene- 
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ficianes of this uiTention, -using artificial giaphite anodes m electro- 
lytic operations or as electrodes in electric furnaces The electro- 
chemical mdustiy in general has been most wonderfully helped by 
this one electrochemical process 

Carborundum stands for a large mdustry, centered at Niagara 
Falls, and founded also by -Mr. Acheson Twenty years ago the name 
was not m the dictionary, now it is known all over the woild as the 
most efficient abrasive material in use First pioduced just acioss 
the Monongahela, in a httle furnace as laige as a cigar box, and sold 
for polishing diamonds at many dollars per ounce, it is now made by 
tons m electric furnaces of 2,000 horsepower capacity, and competes 
successfully with such common natural abiasives as emeiy and com- 
mon sand And in fact, common sfiica sand, the most abundant 
matenal on earth, with common carbon, hke coke, furnish all the 
ingredients necessary for the furnace to work upon to produce SiC 
(silicon carbide) Mr. Acheson not merely founded another new 
industry, but he discovered a new chemical compound; he has 
enriched science, promoted industry, and created new instruments of 
service; no wonder that his scientific friends have showered on him 
honors — the Rumford Medal, the Perkin Medal, and two years ago 
the presidency of this Electrochemical Society 

Silicon is the metal whose oxide is sihca sand, and is by far the 
most abundant metallic element on earth Up until very recently it 
was to be seen only in chemical museums, costly and useless— a 
chemical cuiTosity. Now Mr F. J Tone, one of Mr. Acheson's former 
lieutenants, is produemg it by the ton and seUing it by the carload at 
a few cents per pound The chemical world has found uses for it, 
large uses, such as in solidifying steel, making good copper castings, 
reduemg other metals fiom their oxides, chemical ^^pots and pans/^ 
etc This illustrates again the variety of the achievements of electro- 
chemistry Here is a new material furnished the world at a low price 
and all sorts of workers are finding all sorts of advantageous uses for 
it. The electric furnace makes it from simply sand and carbon, with 
electric energy plus considerable brains.^' 

Galciurn carbide is the product of another American invention. 
The name was scarcely in the chemical books, and the purveyors 
of the rarest chemicals did not have it on their lists, when Mr. Thomas 
Willson, trying to make something else in the electric furnace, made 
this compound from ordinary lime and carbon, and started an elec- 
trocheimcal mdustry which has spread all over the civihzed world. 
I am almost tempted to say that there is a calcium carbide works 
everywhere but in Pittsburgh, but that would really be an exaggera- 
tion, and I will not say it The best thing about calcium carbide is 
that it IS easy to make; the raw materials may be found almost 
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everywhere^ and wherever power is cheap a flourishing calcium cai- 
bide industry may be built up The curious thing about it is that its 
chief use is based on destroying it, actmg upon it by water and form- 
ing acetylene gas How gieat a boon acetylene gas has been to ihe 
bicychst, automobilist, for lighting trams, isolated houses, stations, 
and towns needs no recital before this audience, but the value of 
acetylene as a means of welding with the blowpipe is only commencing 
to be appreciated Acetylene welding is a convenience which owes 
its existence entirely to the clectiochemical production of calcium 
carbide, and the non and steel and other metal indiistnes are being 
greatly helped by its use 

Titanium carhide is not as familiai as calcium caibide. It is made 
in a xnamier similar to the pioduction of carborundum, using titamum 
oxide (rutile) and carbon It has no uses siimlai to calcium cai- 
bide, nor any like silicon caibide But electrical engmeers have 
discovered that as aic-hght tips or electiodes it gives the most eflicicnt 
arc hght yet discovered, mth a light efficiency running up to 3 candle- 
power per watt of electrical energy This is probably 50 per centof 
the theoretically possible conveision of electrical energy into light 
energy, and is doubly as efficient as has ever before been attained. 
TOiat this means for stieet hghtmg everywheie is difficult to lealize; 
pcihaps the best and most easily undeistood comparison is to say 
that the titamum carbide aic lamp is to the ordinary arc as Llie 
tungsten filament mcandescent lamp is to the carbon filament lamp; 
you wiU all grasp the scope of that statement. With acetylene light- 
mg on one hand and titamum aic hghtmg on the other wc need 
say no moie about the influence of electrochemistry on niodein 
illumination 

Phosphorus — ^I stated before that the potassium chlorate on 
safety matches was all bemg made electrochemically. We can say 
practically the same of phosphorus The electric furnace enables 
us to distill phosphoius much more easily and safely fiom the natural 
phosphates than the older chemical me^llod^ Calcimn carbide 
gives us acetylene gas, and another electiochemical furnace gives us 
the phosphorus to strike the light 

Ferroalloys are alloys of iron with the more expensive metals, 
used in manufacturmg steels of various kmds. Ferromanganese 
is used m practically all steel, ferrosiheon is used in almost all, 
Ferrochromium, mckel, tungsten, molybdenum, boron, uranium, 
vanadium are some of the alloys used to make the special alloy steels, 
such as find great use in rapid tool steel, automobile axles, armor 
plate, gun steel, etc. These aUoys are of great impoitance to the 
steel industry, and are made almost exclusively m electric furnaces. 
The industry has flourished most in countries having cheap power, 
38734®-~sm laxi— -12 
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such, as among the French Alps, and the importations into this coun- 
try have been on a large scale Fortunately, we are commencing at 
Niagara Falls, in Virgima, and in Canada to supply ourselves with 
these necessities of the steel industry, and we may look forward to 
a steady and laige domestic development of this industry Within 
a few miles of this hall a small electiic furnace is now at work making 
ferrotungsten to go into expensive high-class steel Pittsburgh is 
gomg to take its share in the lunmng of this particular electrometal- 
lurgical industry 

P^g mn would seem to be about the last item to find a place m an 
address upon the electrochemical mdustiies But the truth must 
^^out^^ — electiic-furnace pig iron is now bemg made, and made and 
sold at a profit We will hasten to admit that the furnaces are small, 
that they are in California and Sweden, where fuel is expensive and 
power is cheap, that a great deal of money has been sunk m bringing 
them to their present condition, but after all has been admitted, the 
fact remains that electric furnace production of pig iron is not a 
chimera, but an accomplished fact Pittsburgh has been able to 
boast that she could manufacture a ton of pig iron and put it dovm 
anywhere m the world cheaper than it could be there produced 
That may be still true of the kind of pig non which Pittsburgh is able 
to make, but there are grades and qualities of pig iron (Swedish 
charcoal pig iron, for mstance) which are stdl miported mto this 
country and sold at double the price of our domestic pig iron And, 
m the countiy where that charcoal pig is slowly, laboriously, and 
skillfully made, the electric shaft furnace is able to compete with the 
charcoal blast furnace m produemg this high quality pig iron Dr 
Haanel, of the Canadian department of mmes, has m a recent report 
given us the most reliable information about the runnmg of this 
furnace The construction is peculiar,, and still somewhat experi- 
mental, the full power for which the fmuace was designed has not 
yet been available^ for runmng it, the workmen are new to their tasks, 
the overseers are still learnmg, the irregularities m the running are 
not yet all overcome, and many of the mmor details aie yot bemg 
adjusted. The furnace is still, in brief, decidedly m the formative or 
experimental stage Yet, notwithstanding, Prof. Odelstjerna, one of 
the most expeit of Swedish metallurgists, states that the cost of pro- 
duction 13 <{1.50 per ton less than m the Swedish blast furnaces If 
that IS true now, it needs httle gift of prophecy to figure out at least 
$2,50 per ton savmg when the furnace is properly run Three similar 
furnaces of greater capacity, 2,500 kilowatts each, are to be erected m 
Norway; three similar ones are to be put up at Sault Sto Mane, 
Canada. These are only the forerunners, we may be sure, of dozens 
or pexhaps even hundreds which will be built and operated within the 
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lifetime of most of tins audience The time at our disposal foibids 
my describmg these mterestmg furnaces; I can only refci you to Di. 
Haanehs mterestmg reports and to the transactions of this socieiy, 
particularly to our Volume XV One surmise of iny own I will, how- 
ever, take tmie to mention I have predicted that this elect uc-fuin ace 
pig iron, made without the admittance or use of air bla*::!, mil be ihr 
superior to ordmary pig non foi conversion into steel, bocause of the 
absence of oxygen or, particularly, of nitrogen Time will test this 
piediction, too 

Electric steel is at piesent a topic of absoibmg interest and gieat 
potentialities It was primarily a competitor of the most expensive 
kind of steel — crucible steel. It was first made commercially m 1900, 
by Mr F A Kjellin, of Sweden, by melting together in an electric 
furnace the same high-grade mateiials which aie usually melted 
down m crucibles to form crucible steel The product ^va'5 made 
equal in quality to ciucible steel, it was pioduced m lots of a Ion or 
more at a melt, of very satisfactory uniformity, and with cheap watei 
power to furmsh electricity the cost was considerably below that of 
crucible steel 

The steel meltmg pot or crucible is a sdiceous vessel, holding about 
100 pounds of steel, lasting only a few heats, and lifted in and out of 
the fuinaco by manual labor. The consumption of fuel to gel the 
required meltmg heat is wickedly wasteful, not over 5 pei cent of 
the heat-developmg power of the fuel used is efficienlly utilized as 
heat in the melted steel, and the actual pioportion is usuaU}” less than 
half that much The cost of labor, crucibles, and fuel is excessive, 
and to this must be added the high cost of the pure matcnal which 
must be used — ^piaotically the purest iron which can be made 

The electric furnace is changmg all this, rapidly in coiiimental 
Europe, slower in Sheffield, and still slower in America, but the change 
IS spreadmg surely and inevitably. Real crucible steel w^ill soon be a 
thing of the past, supplanted entirely by electrip furnace steel of 
equal quality, made and sold much more cheaply. 

The electric furnaces used are of almost aU types. The induc- 
tion furnace was developed commercially by Kjellm m Sweden, 
improved, enlarged, and greatly developed by his associates m 
On»nrjj}y combined with the Colby pattern in America, and stdl 
further modified by Hiorth in Norway. Thirty-six of these furnaces, 
the maximum capacity bemg one at Krupp^s worte at Essen, 8^ tons 
at a charge, aie now built or building The Amex'ican Electric 
Furnace Co. is orgfimzed to push their building and operation m 
Amenca The aic radiation furnace was developed by Maj Stassano, 
an Itahan artillery officer. It melts by heat radiated from powerful 
electric arcs, Sev’^eral of these are in operation in Europe, and a 
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gentleman managing one of the large American steel companies; who 
has just returned from an inspection of the different electric steel 
furnaces operatmg in Europe, tells me that he considered the Stassano 
furnace as doing the best work, all around, of all the furnaces he saw 
in operation I have seen this furnace opeiatmg smoothly and regu- 
larly in Turm, producing steel for castings which were bemg sold m 
competition with open-hearth and Bessemer steel castmgs m the open 
market. The single arc furnace is best illustrated by the Gnod 
furnace, which is built like the body of an open-hearth furnace with 
the electiic current entermg the bath by carbon electrodes suspended 
above it, and spimgmg aics to it, while the current loaves the bath 
through metallic conductor passing thi'ough the saucer-shaped 
hearth below the level of the metahic surface These furnaces work 
with great regularity, and a large number are operatmg m Europe, m 
capacities up to 12 tons each I am informed that the Krupp Works 
at Essen has just contracted to put m five of these of the 12-ton size, 
which would confirm statements made to me by my European friends 
that this furnace i=> working the best of all thoelectric steel futnaces now 
operating m Europe The double-arc furnace, of which the Heroult 
furnace is the most familiar type, worlvs with two arcs m senes, the 
current enteimg the bath and leaving it also through electrodes 
suspended above it The general style is that of an open-hearth 
furnace with electrodes passmg through the roof. Tho current used 
IS roughly 100 kilowatts per ton of steel capacity, and the largest so 
far operated is 15 tons A 3-ton furnace of this type was seen by you 
at the Firth-Stiiimg Steel Works at Demmler, yesterday, producing 
crueible-quclitv steel The United States Steel Corporation has 
acqunod 'itJ'Ucjes to operate the Heroult furnace, and has already 
two 15-ton furnaces m operation. Without doubt, the Heroult fur- 
nace is at the piesent time the most popular and successful electric 
steel furnace m the United States I have not time to more than 
name the Keller, the Hiorth, the Harmet, the Frick — all of winch are 
operating at this present moment in Europe 
There are other ways of makmg steel than the crucible method. 
Bessemer steel is the cheapest, and open-hearth steel is next best. 
These two varieties grade mto each other m quality, but between 
open-hcarlh and crucible steel there is an enormous gap m price and 
m quahty which is destmed to be bridged over by mtermediate qual- 
ities of electnc steel as it becomes cheaper and is manufactured on a 
larger scale. This will soon become one of thelargeuses of the electric 
method, occupying a field peculiarly its own It wdl enable steel 
manufacturers to supply steel better than the best open-hearth prod- 
uct at less than the price of crucible steel I need not enlarge upon 
the advantages of this to a Pittsburgh audience 
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There are also varieties of methods of manufacture of steel, aside 
from the melting together of highly pure materials as m the cTucible 
method; which are equally available m most types of the electric 
furnace* The Bessemer converter takes liquid pig iron as it comes 
from the blast furnace and by rapid oxidation by air blast convcits 
it into steel ilr Heroult has tned to combine the Bessemer con- 
verter with the electric furnace in one apparatus the idcM being to 
first oxidize the metal by air blast and then to finish it wlnle eh ctrm 
curient supplied the necessary heat I have no information tliat this 
combmation furnace is anywhere in successful operation but the 
equivalent of the same operation performed first m the Bobsemer 
converter and then on the blown metal transferred into an electiic 
furnace for finishing is already m regular commercial operation at 
the South Chicago Works of the United States Steel Corporation I 
have had the privilege and pleasure, thanks to ill Heroult, of stud}- 
mg that operation, m company with Mr Heroult and the editor of 
Metallurgical and Chemical Engmeenng You may find a desciiption 
of the process m the April number of that journal, so I ‘vrll not roperJ 
it here — except so far as to say that 15 tons of the product oi the 
Bessemer blow, oxidized to the extent usual in the Bc'^semer con vei ter, 
was kept melted less than two hours on the basic hearth of the electric 
furnace, treated with two different slags to refine it from phosphorus 
andsulphur, deoxidized or dead-melted, and then poured into ingots 
of steel intended for axles The steel produced was of better qualitv 
than the usual coiTespondmg open-hearth metal, and v as produced 
at shghtly less total cost This combmation process bids fair to give 
a new lease of life to the dechnmg Bessemer steel industry, its eco- 
nomic importance vnil appeal particularly to this audience 

The open-hearth steel furnace is at present the mo>t impori/ant 
of the methods of manufactuimg steel — ^^tomiage steel ” It makes 
steel from pig iron and scrap of proper quahty, oi from pig non and 
non oro (mill scale), or from pig, scrap, and ore It makes its best 
steel on silica hearths from high-grade material low in sulphur and 
pho^^'phorus, and its cheapest steel on basic hearths fiom almost any- 
tliing Tlio electric furnace can do any or all of these tilings, and, as 
a geneial pioposition, produce better steel from given materials than 
the open-hearth furnace Under what circumstances it pay to 
use the electric furnace instead of the open-lieaith fuinace would 
take at least one lecture to discuss, we will not go doeph” into it heie. 
In Europe, countries which have very cheap vraler powei, aiound §10 
per horsepower year, and fuel costing §4 to §0 poi ton, aio finding the 
electnc furnace the cheaper, with powoi cosimg §20 and coal So, the 
two are about on equal terms; in Pittsburgh, vuth powei at S30 and 
coal at $1, the open-hearth furnace is by far the cheapei for pioduc- 



183 


BKPORT SMiraSOHIAH IlSrSTITTJTXOK, 1011. 


ing such steel as it can produce Howevei; eveu here the combma- 
tion of Bessemer and electiic furnace is possibly cheaper than the 
all open-hearth process; the combination of open-hearth and electric- 
furnace processes is quite possible and practicable to pioduce crucible- 
quahty steel on a laige (tonnage) scale, and the combmation of the 
open-hearth and electric furnace into one furnace is not only a 
possible combination, but is actually bemg “tned out ” The latter 
idea is to take an open-hearth furnace and to place electrodes in the 
roof. The fmnace is lun as an oidinary open-heaith furnace, with 
the electrodes withdrawn, and at the close of the open-heaith heat 
gas and an are shut off entiiely, the electrodes loweied mto proximity 
to the bath, and the heat fimshed as an electiic-fmnace heat The 
idea is sound and piacticable and will result m the pioduction of 
better steel than can be obtained fiom any open-heaith furnace at 
but a slight advance on the cost of the open-hearth steel, say $2 to 
$3 per ton 

As to the capacity for enlargement of electiic steel furnaces, they 
started out to duphcate the crucible-steel process, producmg 100 
pounds of melted steel at a heat, and in eight years have risen to 15 
tons^ capacit^^ In Europe an electric calcium-caibide furnace of 
18,000 kilowatts, capable of producmg 200 tons of carbide daily, is 
in practical operation A fmnaco of like power capacity could be 
built to make steel, and would be a 200-ton steel furnace or larger. 
We can therefore say with assurance that with a little more expe- 
rience and experiment electrometalluigists will be able to furnish 
the steel maker with electric steel furnaces as large as are wanted — 
up to 200 tons^ capacity, if desired 



ANCIENT AND MODERN VIEWS REGARDING THE 
CHEmCAL ELEMENTS.^ 


By Prof Sm Wxlliam IlAiktsAY, KCB,PhI),LLI),DSc,MD,FRS 


It has been the -usual custom of my piedecessoia m office cithei to 
give a summary of the progress of science vathm the past } eai oi to 
attempt to present in mtelhgible language some aspect of the science 
in which they have themselves been engaged I possess no qualifica- 
tions for the former course, and I theiefore ask you to beai with me 
while I devote some minutes to the consideration of ancient and 
modern views regarding the chemical elements To many m my 
audience part of my story will prove an oft-told tale; but I must 
ask those to excuse me, in order that it may be m some wi-o c omplcto 

In the days of the early Greeks the word element’ v, is aj^plnd 
rather to denote a property of matter than one of its constituents 
Thus, when a substance was said to contam fire, air, water, and earth 
(of which terms a childish game doubtless once played by all of us 
is a relic), it probably meant that they partook of the natuie of the 
so-called elements Inflammabihty showed the presence of concealed 
file, the escape of ^^airs” when some substances are heated or when 
vegetable or animal matter is distilled no doubt led to the idea that 
these airs were imprisoned in the matters from which they escaped, 
hardness and permanence were ascribed to the presence of eaith, 
while hquidity and fusibihty were properties conveyed by the pres- 
ence of concealed water. At a later date the Spagyrics added tlirco 
hypostatical principles to the quadrilateral; these were salt^ sulphur, 
and mercuiy The first conveyed solubility, and fixedness m fiie, 
the second, mflammabihty; and the third, the power winch >some 
substances manifest of produemg a liquid, generally termed ^'phlegm,’’ 
on appheation of heat, or of themselves bemg converted into the hquid 
state by fusion. 

It was Robert Boyle, in his Skeptical Chymist, who first contro- 
verted these ancient and medieval notions, and who gave to the woid 

i Presidential address "by Prof Tlamsay at the Portsmouth meeting of the British Assoc'atioii for the 
Advancement of Science, 1911 Bepimted by permission from author’s separate, omitting introdnetory 
matter on vrork of the association 
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element the meaning that it new possesses — the constituent of a 
compound But m the middle of the seYenteenth century chem- 
istry had not advanced far enough to make his definition useful; for 
he was unable to suggest any particular substance as elementary. 
And, indeed, the mam tenet of the doctrme of phlogiston, promul- 
gated by Stahl m the eighteenth centuiy, and widely accepted, wa^ 
that all bodies capable of burning or of bemg conveited into a cals, 
or earthy powdei, did so in virtue of the escape of a subtle fluid 
jfrom their pores; this fluid could be restoied to the calces by heating 
them with other substances rich in plilogiston, such as charcoal, oil, 
flour, and the lilce Stahl, however false his theoiy, had at least the 
merit of havnig constructed a leversible chemical equation: 

Metal — plilogiston = Calx ; Calx H- phlogiston = Metal. 

It IS difficult to say when the fii'st element was known to be an^ 
element. After Lavoisier^s overthrow of the r»h]ogi-tio hypothe-^h, 
the part played by oxygen, then recently disco\ oi od l)v Pi losi !c*v * ucl 
Scheele, came prominently forward Loss of pi.‘ogic;ion 'VMih nlc'nu- 
fied with oxidation; gain of phlogiston with loss of oxygen, flhe 
scheme of nomenclature (Methode de Nomenclature chimique), 
published by Lavoisier in conjunction TOth Guyton de Morveau, 
BerthoUet, and Fourcroy, created a system of chemistiy out of a 
wilderness of isolated facts and descnptions, Shoitly after, in 1789, 
Lavoisier published his Trait6 de Chimie, and in the preface the 
words occur* '^If we mean by elements the simple and indivisible 
molecules of which bodies consist, it is probable that we do not 
know them; if, on the other hand, we mean the last term in analysis, 
then every Bubstaiioe wliich we have not been able to decompose is 
for us an element, not that we can be ceitain that bocUes winch we 
regard as simple aie not themselves composed of two or even a larger 
number of elements, but because these elements can never be sepa- 
rated, or lathei because we have no means of separatmg them, they 
act, so far as we can judge, as elements, and we can not call them 
simple until experiment and observation shall have furmshed a proof 
that they are so 

The close connection between crocus of Mars and metallic iion, 
the former named by Lavoisier oxyde de fer, and siimlai relations 
between metals and their oxides, made it hkely that bodies wduch 
reacted as oxides in dissolving m acids and forming salts must also 
possess a metallic substratum In October, 1807, Sir TIumpluy 
Davy proved the correctness of this view for soda and potash hr lus 
famous expenment of sphttmg these bodies by a powciful clocnio 
current into oxygen and hydrogen, on the one hand, and the metals 
sodium and potassium, on the othei. Calcium, bnnum, strontium, 
and magnesium were added to the list as constituents of the oxides, 
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limCj barytes, strontia, and magnesia Some years later Scbeele^s 
dephlogisticatcd marine acid, obtained by heatmg pyiolusite with 
spirit of salt, was identified by Davy as in all hkehhood elementary* 
His words are '^All the conclusions which I have ventured to make 
respecting the undecompounded nature of oxymunatic gas are, I 
conceive, enthely confirmed by these new facts sk 
been judged most proper to suggest a name founded upon one of its 
obvious and chaiacteiistic properties, its color, and to call it clilo- 
rme The subsequent discovery of iodme by Courtois in 1812 and 
of bromine by Balard m 1826 led to the mevitable conclusion that 
fluorine, if isolated, should resemble the other halogens in propreties, 
and much later, m the able hands of Moissan, this was shown to be 
true 

The modern conception of the elements was much strengthened by 
Dalton’s reinval of the Greek hypothesis of the atomic constitution 
of matter and the assignmg to each atom a definite weight. This 
momentous step for the progress of cheimstry was taken m 1803; the 
first account of the theory was given to the public with Dalton’s 
consent in the third edition of Thomas Thomson’s System of Chem- 
istry in 1807, it was subsequently elaborated m the fiiah volume of 
Dalton’s own System of Chemical Philosophy, pubbshed in 1808, 
The notion that compounds consisted of aggregations of atoms of 
elements umted in defimte or multiple proportions familiarized the 
world ivith the conception of elements as the buck<j of which the 
uujver^e is built Yet the more daring spirits of th.'t day vrere not 
without hope that the elements themselves nugkt ])iove decompos- 
able Davjq indeed, went so far as to write in 1811 It is the dmy 
of the chemist to be bold in puisuit, he must i cool loot how contiaiy 
knowledge is to what appears to be expenence ^ *■ To inquire 
whether the elements be capable of bemg composed and decomposed 
is a grand object of true philosophy.” And Faiadar lus groat pupil 
and successor, at a later date, 1815, was not behind Davwm his aspua- 
tions when he wrote: “To decompose the metal-^), to re-form them, 
and to realize the once absurd notion of trail Jormation — these aie 
the problems now given to the chemist for solution.” 

Indeed, the ancient idea of the unitary nature of matter was in 
those days held to be highly probable For attempts weie soon 
made to dcmonstiate that the atomic weights wore themselves mul- 
tiples of that of one of the elements. At fii-^.t the suggcsfion was 
that oxygen was the coi3QLmon basis; and latei, when tins supposiiioi) 
turned out to be untenable, the claims of h 3 -diogoi] ivere bi ought 
forward by Prout The hypothesis was revived m 1842 vhen Laebig 
and Pedtenbacher, and subsequently Dumas earned out a revision 
of the atomic weights of some of the oommoiiei elements and showed 
that Berzelius was in error in attnbutiug to carbon the atomic 
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weight 12 25 mstead of 12.00 Of recent years a great advance m 
the accuracy of the determinations of atomic weights has been made; 
chiefly owmg to the work of Richards and ins pupils, of Giay, and of 
Guye and his collaborators, and evoiy year -an mternational committee 
pubhshes a table in which the most probable numbeis are given on 
the basis of the atomic weight of oxygen being taken as 16, In 
the table for 1911, of 81 elements no fewer than 43 have recorded 
atomic weights withm one-tenth of a umt above or below an integral 
number My mathematical colleague, Karl Pearson, assures me 
that the piobahihty against such a condition bemg fortuitous is 
20,000 millions to one 

The relation between the elements has, however, been approached 
from another pomt of view After prehminaiy suggestions by 
Dobereiner, Dumas, and others, John Newlands m 1862 and the 
following years ai ranged the elements in the numerical order of 
their atomic weights and pubhshed in the Chemical News of 1S63 
what he teimod Ins law of octaves — that every eighth element, like the 
octave of a musical note, is m some measure a repetition of its fore- 
I'lmUer Thus, just as C on the third space is the octave of C below 
the hue, so potassium, in 1863 the eighth known element numeiically 
above sodium, repeats the characters of sodium, not only m its 
physical properties — color, softness, ductility, malleabihty, etc — 
but also in the properties of its compounds, which mdeed resemble 
each other very closely The same fundamental notion was repro- 
duced at a later date and mdependently by Lothar Meyer and Dmitri 
Mendel^eS, and to accentuate the recurrence of such similar ele- 
ments in penods, the expiession '^the periodic system of arranging 
the elements^’ was applied to Ncwlands^s arrangement m octaves 
As eveiyone knows, by help of this arrangement Mendel^eff piedicted 
the existence of then unknown elements under the names of eka- 
boron, eka-aiumimum, and eka-silicon, since named scandium, 
galhum, and germanium by then discoverers, Cleve, Lecoq de Bois- 
baudran, and Wmckler. 

It might have been supposed that our knowledge of the elements 
was practically complete, that perhaps a few moie might be dis- 
covered to fill the outstanding gaps in the periodic table. .True, a 
pu 2 zlc existed and stiU exists in the classification of the rare earths, 
oxides of metals occurring in certain mmerals, these metals have 
atomic weights between 139 and 180, and their properties preclude 
their arrangement in the columns of the periodic table Besides 
these, the discovery of the inert gases of the atmosphere, of the 
existence of winch Johnstone Stoney^s spiral curve, pubhshed in 
18S8, pointed a forecast, jomed the elements hkc sodium and potas- 
sium, strongly electro-negativc, to those hlcc fluonne and chlorine, 
highly electro-positive, by a senes of bodies electrically as well as 
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chemically inert, and neon, argon, krypton, and xenon formed links 
between fluorine and sodium, chlorine and potassium, broramo and 
rubidium, and lodme and cjnsium 

Including the inactive gases, and adding the inoie recently dis- 
covered elements of the rare earths, and radium of which I shall 
have more to say presently, theie are 84 definite elements, all of 
which find places m the peiiodic table, if merel3' numeiical values be 
considered. Between lanthanum, ^vith atomic weight 130 and tan- 
talum, 181, there are in the periodic table 17 spacoa, ami although 
it IS impossible to admit, on account of their properiios, that tho 
elements of the lare eaiths can be distributed in successive columns 
(for they all resemble lanthanum m properties), yet theie aio now 
14 such elements, and it is not improbable that othei 3 vill be sepa- 
rated from the complex mixture of their oxides by fuilhcr work- 
Assuming that the metals of the rare earths fill the&c 1 7 spaces, how 
many still remain to be filled^ We will take for gi anted that the 
atomic weight of uranium, 238 5, which is the highest laiown, forms 
an upper limit not hkely to be surpassed It is easy to count the 
gaps; theie are 11 

But w© are confronted by an embarras de nchessc The discovery 
of radioactivity by Henri Becquerel, of radium bj" the Curies, and the 
theory of the dibmtcgration of the radioactive elemeiitb, vluch v e owe 
to Rulheifoid and Soddy, have indicated the exii=»loncc of no fewer 
than 26 elements hitherto unknown To what places in the periodic 
table can they be assigned 

But what proof have we that these substances aio elementarj’^^ 
Let us take them m order 

Beginning with radium, its salts were first steadied by Madame 
Curie, they closely resemble those of barium — sulphate, carbonate, 
and chromate insoluble; chloride and bronudo similar in ciystallme 
form to chloiide and bi oroide of barium, metaJ, recently piepared by 
Madame Curie, white, attacked by water, and evident^ of the type 
of barium The atomic weight, too, falls into its place; as deter- 
mined hj ifadamo Curie and by Thorpe, it is 89 5 units higher than 
that of bai'ium, in short, there can be no doubt that radium fits the 
penodic table, vnth an atomic weight of about 226 6. It is an 
undoubted element. 

But it is a very curious one, for it is unstable Now, stability 
was beheved to be tho essential characteristic of an element. Radium, 
however, dismtegrates — that is, changes into other bodies, and at a 
constant rate. If 1 gram of radium is kept for 1,700 years, only half 
a gram will be left at the end of that UmQ; half of it will have given 
other products What are they? We can answer that question. 
Rutherford and Soddy found that it gives a condensable gas, which 
they named radium-emanation, and Soddy and I m 1903 discovered 
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tkat, in addition, it evolves lielium, one of the inactive series of gases, 
like argon, Helinm is an undoubted element, with a well-defined 
spectrum; it belongs to a well-defined seiies. And radium-emana- 
tion, wlficli was shown by Rutherford and Soddy to be incapable of 
chemical umon, has been liquefied and sohdified in the laboratory of 
University College, London; its spectrum has been measured and its 
density determmed From the density the atomic weight can be 
calculated, and it corresponds with that of a congener of argon, the 
whole senes being, hehum, 4, neon, 20, argon, 40, ioypton, 83; 
xenon, 130; imlaiovm, about 17S, and niton (the name proposed for 
the emanation to iccall its connection with its congeners, and its 
phosphorescent properties), about 222 4 The formation of mton 
from radium woiiid therefore be represented by the equation, radium 
(226.4) «= hehum (4) + niton (222 4). 

Niton, in its turn, dismtegiates, or decomposes, and at a rate much 
more rapid than the rate of radium, half of it has changed in about 
four days Its investigation, therefore, had to be earned out very 
rapidly, m order that its decomposition might not he appreciable 
while Its properties were being deteimined. Ti-^ j)io(iTiCL of ciuuiijc 
wa> n< med by Rutherford radium A, and it is undcMibiciIl' *!( po-iii'd 
Lom nil on as a metal, with simultaneous evolution of helium, the 
equation would therefoie be, mton (222,4)= hehum (4) + radium A 
(218.1). But it is impossible to investigate radium A chemically, for 
in 3 minutes it has half changed mto another solid substance, radium 
B, again giving off helium. This change would be repxesentcd by 
the equation, radium A (218.4) =hehum (4) + radium B (214 4) 
Radium B, again can hardly be examined chemicaUj, for m 27 
minutes it has half changed into radium Ch In this case, however, 
no hehum is evolved, only atoms of negative electricity, to which the 
name electrons has been given by Di Stoney, and these have minute 
weight 'which, although approximately ascertamable, at present has 
defied direct measurement Radium has a half-life of 19 5 minutes, 
too short, again, for chemical mvestigation, but it changes into 
radium C^, and in doing so each atom parts with a helium atom, hence 
the equation, radium C (214 4) hehum (4) -h radium (210 4) In 
2,5 minutes radium is half gone, parting with electrons, forming 
radium D. Radium D gives the chemist a chance, for its half-life is 
no less than 16^ yeax’s Without parting with anvthing cl electable, 
radium D passes into radium E, of which the half-Kfe period is 5 
days, and, lastly, radium E changes spontaneously into rachum F, 
the substance to which Madame Curio gave the name polonium hi 
allusion to her native country, Poland. Polonium, in its turn, is half 
changed in 140 days with loss of an atom of helium into an unlaiown 
metal, supposed to be possibly lead. If that bo the case, the equation 
would run, polomum (2i0.4)=hehum (4)-blead (206.4). But the 
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atomic weight of lead is 207.1, and not 206.4; lioweyer, it is possible 
that the atomic weight of radium is 227.1, and not 226 4. 

We hare another method of approacinng the same subject It is 
practically certam that the progemtor of radium is iiramum, and that 
the transformation of uramum into ladium involves the loss of 3 
alpha particles; that is, of 3 atoms of helium. The atomic weight 
of hehum may be taken as one of the most ceitain; it is 3 994, as 
determined by Mr Watson, m my laboratories Three atoms would 
therefore weigh 11 98, practically 12 There is, however, still some 
uncertamty in the atomic weight of uramum, Richards and Mengold 
make it 239 4, but the general mean, calculated by Claike, is 239. 
Subtracting 12 from these numbers, we have the Viilues 227, and 
227.4 for the atonuc weight of radium. It is as yet impossible to draw 
any certain conclusion 

The impoitance of the work which wdl enable a definite and sure 
conclusion to be drawn is this For the first tune, we have accurate 
knowledge as to the descent of some of the elements Supposing the 
atomic weight of uranium to be certainly 239, it may be taken as 
proved that in losmg 3 atoms of hehum, radium is produced, and, if 
the change consists solely m the loss of the 3 atoms of hehum, tlie 
atomic weight of radium must necessarily be 227. But it is known 
that ,5-rays, or elections, are also parted with duimg this change; 
and electrons have weight. How many electrons aie lost is unknown; 
therefore, although the weight of an electron is appioximately known, 
it is impossible to say how much to allow for m estimatmg the atomic 
weight of radium But it is possible to solve tins question mdirectiy, 
by determinmg exactly the atomic weights of radium and of uianium; 
the diffeience between the atomic weight of ladium plus 12. i e.. plus 
the weight of 3 atoms of hehum, and that of uramum, will give the 
weight of the number of electrons which escape Taking the most 
probable numbers available, viz, 239 4 for uramum, and 226 8 for 
radium, and adding 12 to the latter, the weight of the escapmg elec- 
trons would be 0,6. 

The correct solution of this problem would in great measure clear 
up the mystery of the irregularitiea in the periodic table, and would 
account for Ihe deviations from Prout^s Law, that the atomic weights 
aie multiples of some common factor or factors I also venture to. 


suggest that it would throw light on allotropy, which in some cases at 
least may very well be due to the loss or gam of electrons, accompar] 
nied by a positive or negative heat-change Incidentally, this sug-- 
gestion would afford pl8cet> m the periodic table for the somewhat 
overwhelming number of pseudo-elements the existence of which is 
made practically certain by the disintegration hypothesis Of the 
26 elements deiived from uranium, thorium, and actimum, 10, which 
are formed by the emission of electrons alone, may be regarded as 
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alio tropes or psendoelements; tins leaTes 16^ for which 16 or 17 gaps 
would appear to be available in the periodic table, provided the reas- 
onable supposition be made that a second change m the length of the 
periods has taken place It is above all tlnngs certam that it would 
be a fatal mistake to regard the existence of such elements as irrecon- 
cilable with the penodic arrangement, which has lendered to sys- 
tematic chemistry such signal service m the past 

Attention has repeatedly been diawn to the enoimous quantity of 
energy stored up in radium and its descendants That m its emana- 
tion, mton, IS such that if what it pai ts with as heat dunng its disin- 
tegration weie available, it would be equal to three and a half milhon 
times the energy available by the explosion of an equal volume of 
detonatmg gas — a mixture of 1 volume of oxygen with 2 volumes of 
hydrogen The major part of tlus energy comes apparently from 
the expulsion of particles (that is, of atoms of hehum) with enormous 
velocity. It is easy to convey an idea of this magmtude m a form 
more realizable by giving it a somewhat mechamcal turn Suppose 
that the energy in a ton of radium could be utihzedm 30 rc.J- m-te ’d 
of being evolved at its mvariable slow rate of l,7oO loi J),.h- 
disintegration, it would suffice to propel a ship of 15,000 Lorn, v,iJx 
engmes of 15,000 horsepower, at the late of 15 knots an hour for 30 
years, piacticalh^ the lifetime of a ship To do this actually requires 
nulhon tons of coal 

It is easily seen that the virtue of the energy of the radium consists 
in the small weight m which it is contamed; m other woids, the 
rachum-energy is in an enormously concentrated form I have 
attempted to apply the enei'gy contained m mton tovaiious purposes; 
it decomposes water, ammonia, hydiogen chloride '"'d r-T'bvi 
dioxide eacli into its constituents, further experiments < - , < j o*. 

salts of coppo] appeared to show that the metal copper was con- 
verted partially into hthium, a metal of the sodium column, and 
similar expenments, of which there is not time to speak, mdicate that 
thonum, zirconium, titanium, and sihcon are degraded into carbon: 
for solutions of compounds of these, mixed with mton, invanably 
generated carbon dioxide, wlnle cenum, silver, mercury, and some 
other metals gave none One can imagine the very atoms themselves 
exposed to bombardment by enormously quickly moving hehum 
atoms faffing to withstand the impacts Indeed, the argument a 
priori 18 a strong one, if we Imow for certain that radium and its 
descendants decompose spontaneously, evolving energy, why should 
not other more stable elements decompose when subjected to enor- 
mous strains ^ 

This leads to the speculation whether, if elements are capable of 
disintegration, the world max not have at its disposal a hitherto 
unsuspected source of eneigy. If ladium ivore to evolve its stored-up 
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energy at the same rate that gun-cotton does, -wo should liave an 
undreamed-of explosive; could vre control the rate wc should have a 
useful and potent source of energy, provided always that a sufficient 
supply of radium were forthcoming. But the supply is ccriainly a 
very limited one; and it can be safely affiimed that the pioducliou 
will never surpass half an ounce a year If, however, the elomenls 
which we have been used to consider as permanent aic capable of 
changing with evolution of eneigy, if some form of oalalysei could be 
discovered ^which would usefully increase their alino-t ineonceivahly 
slow rate of change, then it is not too much to saj-" that the whole 
future of our race would be altered 

The whole progress of the human race has indeed been due to 
individual members discovering means of conceiitiating eneigy, and 
of transforming one form into anothei The oaiiiivoioiis animals 
strilce with then paws and crush with theu^ teotli, llic fust mnn who 
aided his arm with a stick in strilang a blow discovei cd how to con- 
centrate his small supply of kmetic energy, the fii^t man who used a 
spear found that its sharp point m motion repiesciiled a still moio 
concentrated form, the arrow was a further advaneo, for the spear 
was then propelled by mechanical means, the bolt of the crossbow, 
the bullet shot forth by compressed hot gas, first deiived fjom ])lack 
powder, later, from high explosives, ail these represent progio^is To 
take another sequence. The preparation of oxygon by Piieslloy 
apphed energy to oxide of mercury in the form of heat, Da\y im- 
proved on this when he concentrated electrical oneig}’- into ilio tip of 
a thm wire by aid of a powerful battery, and isolated potassium and 
sodium 

Great progress has been made during the past century in effecting 
the conversion of one form of energy into others, wnth as htlle useless 
expenditure as possible Let me illustrate by examples A good 
steam enguie converts about one-eighth of the potential eneigj' of the 
fuel into useful work, seven-eighths are lost as unused heat and useless 
friction* A good gas engine utihzes more than one-third of the total 
energy in the gaseous fuel, two-thirds are uneconomically expended* 
This is a universal proposition, in order to effect Lhe conveision from 
one form of energy into another, some encigj’' must be expended 
uneconomically. If A is the total energy which it is required to con- 
vert; if B IS the energy into which it is desired to convert then a 
certain amount of energy, C, must be expended to effect the conver- 
sion* In short, A=«B + C It is eminently desuablo 1o keep C, the 
useless expenditme, as small as possible; it can never equal zero, but 
it can be made small. The ratio of C to B (the economic coefficient) 
should therefore be as large as is attainable 

The middle of the nmeteenth century wiU always he noted as the» 
begi nn i n g of the golden age of science; the epoch, when gi eat generali* 
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za tions were la ade , of tlie highest importance on all sides, philosophical, 
economic, and lonli&c. Carnot, Clausms, Helmholtz, Julius Eobeit 
Mayer abroad, and the Thomsons, Loid Kelvm and Ins brolhei J«mcs 
Kankine, Tait, Joule, Clerk Maxwell, and many others at home, laid 
the foundations on which the splendid structure has been erected. 
That the lateii^t energy of fuel can be converted into energy of motion 
by means of the steam engine is what we owe to N ewcomen and Watt; 
that the kinetic eneigy of the flywheel can be tiansformed into elec- 
trical energy was due to Faraday, and to him, too, we are indebted 
for the reconversion of eleetiical energy into mechamcal woik; and 
it is this power of work which gives us leisiue, and which enables a 
small country hke ouis to suppoi t the population which inhabits it 
I suppose that it wull be geneially gi anted that the Commonwealth 
of Athens attained a high-watei mark m hterature and thought 
winch has never yet been surpassed The reason is not difficult to 
jBnd; a large proportion of its people had ample leisure, duo to ample 
means; they had time to think and time to discuss what they thought 
How was this aclneved^ The answer is simple. Each Greek free- 
man had on an average at least 5 helots who did his bidding, who 
worked his mines, looked aftei his farm, and, in short, saved him from 
manual labor. Now, we in Britain are much better off; the popula- 
tion of the British Isles is m round numbers 45 miUions, there are 
eonsumed in our factones at least 50 milhon tons of coal annually, 
and " it geneially agreed that the consuiQiption of coal per mdicated 
horsepowei per hour is on an average about 5 pounds ” (Eoyal Com- 
mission on Coal Supphes, Pai't I ) This gives 7 million horsepower 
per year How many manpower are equal to a horsepower I have 
amved at an estimate thus A Bhutanese can cairy 23Q pounds plus 
his own weight, in all 400 pounds, up a hill 4,000 feet high in 8 hours; 
this IS eqiuvalent to about one twenty-fifth of a horsepower, 7 million 
horsepower are therefore about 175 million manpower Takmg a 
family as consisting on the average of 5 persons, our 45 imlhons 
would represent 9 milhon families, and dividmg the total manpower 
by tlie number of f amihes, we must conclude that each British family 
has, on the average, nearly 20 helots doing his bidding, instead of the 
5 of the Athenian family We do not appeal, howevei. to have 
gained more leisure thereby, but it is this that makes it possible for 
the British Isles to support the population which n does 
We ha\o 111 tins w'oild of ours only a limited supply of stored-up 
eneigy, in the British Isles a very limited one— namely, our coi 
fields The rate at wffiich this supply is bemg exhausted has been 
mcroasmg veiy steadily for the last 40 years as anyone can prove by 
mappiog the data given on page 27, Table D, of the General Report 
of the Royal Commission on Coal Supplies (1906) In 1870, 110 mil- 
lion tons were mined in Grea/t Britain, and ever smee the amoiuit has 
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increased by 3J million tons a year The available quantity of coal 
in the proved coal fields is very nearly 100,000 million tons, it is 
easy to calculate that if the rate of working increases as it is doing our 
coal will be completely exhausted m 175 years But, it will bo replied, 
the rate of increase will slow dovni It has shown no sign 

whatever of slackening during the last 40 yearn. Later, of coui^e, 
it must slow down, when coal glows dearer owmg to appioacliing 
exhaustion It may also be said that 175 years is a long time; vhy, 
I myself have seen a man whose father fought m 1745 on the Pr<'Iond- 
ePs side, nearly 170 years ago! In the life of a nation 175 yeais i^ a 
span. 

This consumption is still procoedmg at an accelerated rate. Be- 
tween 1905 and 1907 the amount of coal raised m the United Kmgdom 
increased from 236 to 268 million tons, equal to 6 tons per head of the 
population, agamst 3^ tonb in Belgium, 21 tons in Germany, and 1 
ton m France Our commercial supremacy and oui power of com- 
peting with other European nations are obviously governed, so far as 
we can see, by the relative price of coal, and when our prices rise, 
owing to the approachmg exhaustion of our supplies, we may look 
forward to the near approach of famine and misery 

Having been struck some years ago with the optimism of m^^ non- 
scientific friends as regards our future, I suggested that a committoo of 
the British Science Guild should be formed to mvestigate our available 
soul CCS of encigy This guild is an organization founded by Sn 
NoimanLoclv^mr, after his tenuie of the presidency of this association, 
for the purpose of endeavormg to impress on our people and tlnui 
Government the necessity of viewing pioblems alTectmg the race and 
the State from the standpomt of science, and the definition of science 
in this, as in other connections, is simply the acquisition of knowledge, 
and ordeily leasonmg on experience already gained and on cxpeii- 
ments capable of bemg carried out, so as to foiecast and control the 
course of events, and, if possible, to apply this knowledge to the 
bcncfii of the human race 

The Science Guild has enlisted the services of a number of men, 
each emment m his own department, and each has now reported on 
the particular source of energy of which he has special knowledge. 

Besides considermg the uses of coal and its products, and how thof 
may be moio economically employed, in which blanches the Hon Sir 
Charles Parsons, LIi. Dugald Clerk, Sir Eoveiton Redwood, Dr 
Beilby, Di Hele-Shaw, Prof. Vivian Lewes, and othei‘9 have furnishi^d 
reports, the following sources of energy have been bi ought undei 
review: The possibility of utilizmg the tides; the internal heat of the 
earth; the winds; solar heat; waterpowei, the extension of forests, 
and the use of wood and peat as fuels; and lastly, the possibility of 
38734"^— SM 19U 13 
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coatroIHng the undoubted but almost uifinitely slow disintegration 
of the elements, with the view of utili 2 !mg their stored-up energy 

However interestmg a detailed discussion of these possible sources 
of energy might be, time prevents my dwelling on them. Suffice it to 
say that the Hon. R. J, Strutt has shown that in this countiy at least 
it would be impracticable to attempt to utilize terrestrial heat from 
boreholes; others have deduced that from the tides, the winds, and 
waterpower small supplies of energy are no doubt obtainable, but that, 
m comparison with that derived from the combustion of coal, they aie 
negligible; nothmg is to be hoped for fiom the direct utilization of 
solar heat m this temperate and uncertain climate; and it would be 
folly to consider seriously a possible supply of energy m a conceivable 
acceleration of the liberation of energy by atomic change It looks 
utterly improbable, too, that we shall ever be able to utilize the energy 
due to the revolution of the earth on her axis, or to her proper motion 
round the sun* 

Attention should undoubtedly be paid to forestry, and to the utiliza- 
tion of our stores of peat On the Continent the foic^ts a’o iargelv 
ihopioperty of the State, it is unieasonable, espei'iallvin iIic-cLiitcr 
days of uncertain tenure of pioperty, to expect any private owner of 
land to invest money in schemes which would at best only benefit his 
descendants, but wluch, under our piesent trend of legislation, do not 
promise even that I'emote return Oui neighbors and rivals, Germany 
and France, spend annually £2,200,000 on the conservation and utih- 
zation of their forests ; the net return is £6,000,000 There is no doubt 
that we could imitate them with advantage Moreover, an mcrease 
in our foiests would bring with it an mcrease m our waterpower; for 
without for^t land rain rapidly reaches the sea, instead of distiibuling 
itself, so as to keep the supply of water regular, and so more easily 
utdized. 

Various schemes have been proposed for utihzmg our depobits of 
peat* I beheve that m Germany the peat industry is lu udoi a i cl \ prof- 
itable; but our humid climate does not lend itself to natural evapora- 
tion of most of the large amount of water contained in peat, without 
which processes of distillation prove barely remunerative 

We must therefore rely chiefly on our coal reserve for our supply 
of energy, and for the means of supportmg our population, and it is 
to the more economical use of coal that we must look, in order that our 
He as a nation may be pi olonged W e can economize in many wavs . 
By the substitution of turbine engines for lecipiocating engines, theic- 
by reducing the coal requn eel per horsepowci from 4 to 5 pounds to 
li or 2 pounds; by the furthei replacement of tui bines by gas engines, 
raising the economy to 30 per cent of the total energy ailable in the 
coal, that is, loweimg the coal consumption pei horsepowei to 1 or 
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pounds; by creating the power at the pit mouth, and distributing it 
electrically, as is already done in the Tyne district Economy can 
also be effected in replacing beehive coke ovens by lecovciy ovens, 
this is lapidly being done; and Dr. Beilby calculates tliat m 3909 
nearly 6 million tons of coal, out of a total of 16 to IS millions, were 
coked in recovery ovens, thus effectmg a saving of 2 to 3 million tons 
of fuel annually Progress is also being made m substituting gas for 
coal or coke in metallurgical, chemical, and other works Bui it must 
be remembered that for economic use, gaseous fuel must not be 
charged with the heavy costs of piping and distribution 

The domestic fire problem is also one which claims our instant 
attention. It is best grappled with from the pomt of view of smoke. 
Although the actual loss of thermal energy m the foim of smoke is 
small — at most less than a half per cent of the fuel consumed — still the 
presence of smoke is a sign of waste of fuel and careless stofang In 
woiks mechamcal stokers which msuie legulanty of fiimg and com- 
plete combustion of fuel are moie and moie widely replacing hand- 
filing. But we aie still utterly wasteful in our consumption of fuel 
in domestic fires There is probably no single remedy applicable, 
but the intioduction of central heating, of gas fires, and of gi aies which 
permit of better utilization of fuel wilL all play a part in economizing 
our coal It is open to argument whether it might not be vnse to 
hasten the time when smoke is no more by imposmg a 6-pciiny fine 
for each offense, an instantaneous photogiaph could easily prove the 
offense to have been committed, and the imposition of the fine might 
be delayed until tliiee warnings had been given by the pohco 

Now, I think that what I wish to convey will be best oxprossccl bj 
an allegory. A man of mature years who has surmount cd 1 1 lc i roubl ^ 
of childhood and adolescence without much disturbance to hi- ])hv’ 3 ical 
and mental state giadually becomes aware that he is stiff ereng from 
loss of blood, his system is bemg diamed of this essential to life and 
strength. What does he do ^ If he is sensible, he calls in a doctor, or 
perhaps several, in consultation; they ascertain the seat of the disease, 
and diagnose the cause. They point out that while consumption of 
blood IS nccessaiy for healthy life, it will lead to a peimatuie end if 
the constantly increasing diain is not stopped They suggest certain 
procautionaiy measures; and if he adopts them, he has a good chance 
of living at least as long as his contemporaries; if he neglects them, las 
days are numbered. 

That is our condition as a nation. We have had our consultation in 
1903 ; the doctors were the members of the coal commission. They 
showed the gravity of oui case, but we have turned a deaf ear. 

It is true that the self-interest of coal consumers is slowly loading 
them to adopt more economical means of turning coal into energy. 
But I have ijtoticed and fiequently publicly annoiinced a fact which 
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can not but stiike even the most unobservant. It is this : Wben trade 
is good, as it appears to be at present, manufacturers are making 
money; they are ovei whelmed with orders, and have no inchnation to 
adopt economies which do not appeal to them to be essential, and the 
introduction of winch would take thought and time, and which would 
ivithdraw tho attention of their employees fiom the chief object of the 
business — ^how to make tho most of the present opportumties Henco 
improvements aie postponed When bad times come, then there is no 
money to spend on improvements; they aie again postponed until 
better times aruve 

What can be done ^ 

I would answer Do as other nations have done and aie doing, 
take stock annually. The Americans have a permanent commission 
initiated by Mr Roosevelt, consistmg of three representatives from 
each State, the sole object of which is to keep abieast with the diminu- 
tion of the stoies of natuial energy, and to take steps to lessen its rate 
This is anonpohtieal undertaking, and one worthy of hemg initiated by 
the lulcr of a great country. If the example is followed here the ques- 
tion will become a national one 

Two courses are open to us; first, the laissez-faire plan of leaving 
to self-mterested competition the combatmg of waste; or second, 
initiating legislation which, in the mterest of the whole nation, will 
endeavoi to lessen the squandering of our national xesouices. This 
legislation maybe of two kmds* Penal, that is, imposmg a penalty 
on wasteful expenditure of energy supplies; and helpful, that is, 
impaii:mg information as to what can be done, advancmg loans at an 
easy rate of mterest to enable reforms to be earned out, and insisting 
on the greater piospenty which would result from the use of more 
efficient appliances. 

This is not the place, nor is there the time, to enter mto detail; 
the subject is a compheated one, and it will demand the combmed 
efforts of experts and legislators for a generation, but if it he not con- 
sidered vnth the definite mtention of immediate action, we shall be held 
up to the deserved execration of our not very remote descendants 

The two great piinciples which I have alluded to in an earher part 
of this address must not, however, be lost sight of, tliey should guide 
all our efforts to use energy economically. Concentiation of enci gy 
in tke form of electiic current at high potential makes it possible to 
convey it for long distances through thin and theiefoie comparatively 
inexpensive wire's, and the economic coefficient of tho coovof-ion f)f 
mechanical into olectiical and of electncal into uioclicirucal oncig} us 
a high one; the useless expenditure does not much exceed one-twen- 
tieth part of tho energy which can be utilized These considerations 
would point to the conveision at ihe pit mouth of the cji eigy of the fuel 
into elecUical onovjcy Uaing as an niiermediary turbrnes, or preferably 
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gas engines; and distributing the electrical energy to where it is 
wanted The use of gas engines may, if desired, be accompanied by 
the production of half-distilled coal, a fuel winch bums nearly without 
smoke, and one which is suitable for domestic fires, if it is found too 
difficult to displace them and to mduce our population to adopt the 
more efficient and economical systems of domestic heating which are 
used ill America and on the Contment The increasing use of gas for 
factory, metalluigical, and chexmcal purposes points to the gradual 
concentration of works near the coal mines, in Older that the laying 
down of expensive pipmg may be avoided 
An mvention which would enable us to convert the energy of coal 
directly into electrical eneigy would levolutionize our ideas and 
methods, yet it is not untlnnkable The nearest practical approach 
to this IS the Mond gas battery, which, however, has not succeeded, 
owing to the imperfection of the machine 

In conclusion, I would put m a plea for the study of pure science, 
without regard to its apphcations The discovery of radium and 
similar radioactive substances has widened the bounds of thought. 
While themselves, m all probabihty, mcapable of industrial applica- 
tion, save in the domam of medicme, their study has shown us to what 
enormous advances m the concentration of energy it is peimissible to 
look forward, with the hope of applying the Imowledge thereby gained 
to the betterment of the whole human race As chanty begins at 
home, however, and as I am speaking to the British Association for 
the Advancement of Science, I would urge that our first duty is to 
stnve for all which makes for the permanence of the Bntish com- 
monweal and which will enable us to trausimt to our posteiily a 
heritage not unworthy to be added to that which we have received 
from those who have gone before 
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We meet to-niglit to honor the memory of Michael Faraclaj” It is 
fittmg that we should ccme to this histone place, for here weie lus 
home and his laboratory, and in this room he lectured Science is 
one of the great mfluences promo tmg the sohdarity of manlond, it is 
world embracmg, and recognizes no bounds of nationality Fara-- 
day’s work especially was a message to the whole world, and has 
grown mto a pnceless heritage for all humamty. Theiefore, from 
time to time the generous guardians of this famous lectnre-hip jiare 
called chemists and physicists from many lands to honor hia uniq,^^ 
genius. England, Germany, France, Italy, Russia, have all sent 
eminent representatives, and now from across the sea there comes a 
pilgrim who is proud indeed to brmg the homage of the New World 
to this shrine of cherished memories. The many ties which bind 
together our two nations add especial pleasure to the fulfillment of 
the trust 

The mystery that enshrouds the ultimate nature of the physical 
universe has always stimulated the cunosity of thinking man Of 
old, philosophers sought to solve the cosmic problem by abstract 
reasoning, but to-day we agree that the only hope of j>onetiatmg 
into the closely guarded secret lies in the precise estimation of that 
which is tangible and visible. Knowledge of the actual behavior of 
material and of energy provides the only safe basis for logical inference 
as to the real essence of ihmgs, Faraday was deeply imbued with 
this conviction, and it is widely lecognized as the basis of all modern 
experimental science The subject of my lecture to-mghL concerns 
the methods and general results of several extended series of investj- 
gations, planned with the hope of adding a little to the founilations 
of human knowledge by means of careful experiment 
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At the outset let me remind you of an old saying of Platons, for it 
sounds the keynote of the lecture “If arithmetic, mensuration and 
weighing be taken away from any art, that which remams will not 
be much ^ In other words, the soundness of all important con- 
clusions of manlmid depends on the defimteness of the data on which 
they are based 

Lord Kelvm said “Accurate and mmute measurement seems to 
the nonscientific unagmation a less lofty and dignified work than 
lookmg for something new. But nearly all the grandest discoveries 
of science have been the rewards of accurate measurement and 
patient, long-contmued labor m the minute siftmg of numerical 
results 2 The more subtle and comphcated the conclusions to be 
drawn, the more exactly quantitative must be the knowledge of the 
facts. 

Measurement is a means, not an end. Through measurement we 
obtam data fuU. of precise significance, about which to reason; but 
indiscrimmate measurement wall lead nowhere. We must choose 
wisely the quantities to be measured, or else our time may be wasted. 

Among all quantities w'orthy of exact measurement the properties 
of the chemical elements are surely some of the most fundamental, 
because the elements are the vehicles of aU the manifold phenomena 
withm the range of our perception 

Weight IS clearly one of the most significant of these properties 
The eighty or more mdividual numbers which we call the atomic 
weights are perhaps the most strikmg of the physical records nature 
has given us concernmg the earliest stages of the evolution of the 
universe. They are mute witnesses of the first beginnings of the 
cosmos out of the chaos, and them significance is one of the first 
concerns of the chemical philosopher 

Mankmd is not yet m a position to predict any single atomic 
weight with exactness. Therefore the exact determination of 
atomic weights rests upon piecise laboratory work; and m order to 
arrive at the real values of these fundamental constants, chemical 
methods must be improved and revised so as to free them from 
aystematic or accidental errors. 

Wliat, now, are the most important precautions to be taken in 
such w’ork These are worthy of brief notice, because the value of 
the results inevitably depends upon them. Obvious although they 
may he, they are often disregarded 

In the firat place, each poition of substance to be weighed must be 
free from the suspicion of contammg unheeded impurities, otherwise 
its weight will mean little. This is an end not easily attained, for 
Kquids often attack their contammg vessels and absorb gases, crystals 


I Plato, Philebus (trans Jowott), 1875, vol 4, p 104 
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iaclude and occlude solvents, precipitates carry down podutmg 
impurities, dried substances cling to water, and solids, even at high 
temperatures, often fad to discharge their inipnsoned contaminations. 

In the next place, after an analysis has once begun, eveiy trace of 
each substance to be weighed must be collected and find its way in 
due course to the scale pan The trouble here lies m the difficulty 
in estimating, or even detecting, nimiite tiaces of substances remain- 
ing in solution, or minute losses by evaporation at high temperatuies* 

In brief, “the whole tiutli and nothing but the tnith” is the aim. 
The chemical side of the question is fai more mtneate and uncertain 
than the physical operation of weiglung For this reason it is neither 
necessaiy nor advisable to use extraordmaiilj^ large amounts of mate- 
rial. From 5 to 20 grams m each expenmeiit is usually enough. The 
exclamation, “Wliat wondeifuUy fine scales you must have to weigh 
atoms’^ indicates lack of loiowledge The real difficulties precede 
the introduction of the substance mto the balance case ^ Every 
substance must be assumed to be impure, eveiy leaction must bo 
assumed to be mcompleto, eveiy measuiement must be assumed to 
contam error, untd pi oof to the contrary ran be obtained. Only by 
means of the utmost caie, applied with aver- watchful — 

tlie unexpected snaies winch always lurk m comph , < 

be delected and rendered powerless for enl 

Among all the possibihties of error, the unsuspected presence of 
water is perhaps the most frequent and most msidious Hence, I shall 
show you a device foi overcommg tins potent source of confusion, a 
device which has played a great role in the leccnt leseaiches concern- 
mg atonne weights at Harvard, and is m large measuie lesponsible 
foi such value as the results may possess The instrument ^ enables 
one to (liy, melose, and weigh an anliydious substance in such a 
mannei as to pieclude the admission of a tiace of water fiom tlie 
atmosphere It might wcU find applications m every qmmtxtative 
laboratory The simple device consists of a quartz ignition lube 
fitted to a softr-glass tube which has a projection or pocket in one side 
(fig 1). A weighmg bottle is placed at the end of the latter tube, 
and its stopper m tlie pocket The boat contaming the substance to 
be dried is heated in the quartz tube, suiiounded by an atmosphere 
consisting of any desued mixture of gases These gases are dis- 
placed after paitiai cooling, first by nitrogen and then by pure dry 
ail, and Uic boat is pushed past the stopper mto the weigliiiig botde, 

I aich&Tdb, ilethoGS Used m Trecibe CLemical InvesUganon, pjMisbed 1)> \he Camc^io Inatuution of 
Wasl’mgton, lulO, Xo 125, p 97 
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ahard glass or I'orcelaia ignition tube, wiioicas U e lo^^c^ drav mg illustrates a fonn sliglitlj’ diCjreut from 
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glass allows loi llieir dulerent coeHicients of expansion, and makes a quartz tuboiaieicnangeabla with any 
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the stopper bemg then forced into place and the substance thus shut 
up in an entirely dry atmosphere The weighing bottle may now be 
removed; placed in an ordmaxy desiccator and weighed at leisure 
The substance is really dry, and its weight has definite significance. 

Mention may be made also of another instrument, which hfcewise 
has greatly facilitated the recent work at Harvard, namely, the 
nephelometer ^ With the nephelometer, mmute traces of suspended 
precipitate may be approximately determmed from the brightness of 
the light they reflect The construction is very simple Two test 
tubes, near together and slightly inclmed toward one another, are 
arranged so as to be partly shielded from a bright source of light by 
shdmg screens The tubes are observed foom above through two 
thin, prisms, which bring their images together and produce an appear- 
ance resembhng that m the famihar half-shadow polaiimeter The 



unknown quantity of dissolved substance is precipitated as a faint 
opalescence in one tube by means of suitable reagents, and a known 
amount, treated m exactly the same way, is prepared in the other* 
Each precipitate reflects the light; the tubes appear famtiy luminous* 
If the tubes show like tmts to the eye when the screens are similarly 
placed, the precipitates may be presumed to be equal m amount* In 
case of inequality of appearance, the changed positions of the screens 
necessaiy to produce equality of tint give a fairly accurate guide as 
to the lelaiive quantities of precipitate in the two tubes. Traces of 
substance winch are too attenuated to be caught on any ordinary 
filter, may thus be estimated 

The two errors obviated by these simple devices, namely, the 
presence of icsidual water and the loss of traces of precipitate, lespec- 
tively, have perhaps ruined more previous mvestigations than any 


iBIcliards, Xeltsch anorg Ch^m ,lS95,vol 8 p 269, EieJmrdsaoid Wells, American Chemical Joamal, 
1904, yol 31, p 235, Eicbards, Ihid , 1900, vol 35, p 510, 
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other two causes, xmless the inclusion of foreign substances by pre- 
cipitates may be ranked as an equal vitiatmg effect. But these are 
merely details The scope and method of the recent work on this 
subject at Harvard (m the course of which 30 atomic weights have 
been redetermined) may be seen in their full bearing only m the original 
papers ^ 

That the atomic weights may be connected by precise mathematical 
equations seems biglily piobable, but, although many interesting 
attempts have been made to solve the pioblem,^ the exact nature of 
such relationships has not yet been discovered No attempt which 
takes liberties with the more certam of the observed values is worthy 
of much respect It seems to me that the discovery of the ultimate 
generalization is not likely to occur until many atomic weiglits have 
been determined with the greatest accuracy No trouble bemg too 
great to attam tins end, the Harvard work will be contmued mdefi- 
nitely, and attempts will be made to improve its quahty, foi the dis- 
coveiy of an exact mathematical relationship between atomic weights 
would affoid us an immeasurably precious insight into the ultimate 
nature of tlnngs 

But weight is only one of the fundamental pioperties of an clement 
Volume is almost, if not quite, as important in its own way, alihough 
far more variable and confusing. All gases, indeed, appioaoh 
closely to a simple lelationship of volumes, defined by the law of 
Gay Lussac and the rule of Avogadro, and weU known to you all. 
In the liquid and solid state, however, gieat irregularities aio mani- 
fest, and very httle system as regaids volume is generally lecognizcd. 

About 12 years ago, the study of such small irregularities as exist 
among gases led me to the suspicion of a possible cause for the 
greater nregularities in liquids and solids ^ On applying van der 
Waals's well-known equation to several gases, m some tentative 
and unpublished computations, it seemed clear that the quantity 6 
IS not really a constant quantity, but is subject to change under 
the influence of both pressure and temperature. This conclusion 
has also been reached independently by van der Waals himself.'* 
But if the quantity h (supposed to be dependent upon the space 


1 An i^^portant 1 1 in thr :c researches has 'been talren by G r Baxter, and many able stud ents also e 

oSttUiied toe \iiUior m tlio work A comp’elo uibhofTuphv i>5 1 ; \ en in Publications Camcfiio Institution of 
Wfisbin{,loa, 1^10, No 12', p 91 Moat oi Ibo pi-p?r5> are reprinted in full In a ■» olume entitled, "Experi- 
mcntellf rntersuchriigGn uboi Alomini\ iclne/’ ov the author and his collaborators (Hamburg, 1909) 
The C^imegie Institution of It eshmglon has genpi-ou-h subsidised the work ni recent years 
* See especially Hi dberc;, Zoiisch a or, ISf'" -soMljp Oh 

♦Elchards, The Significance of Ch i i'*’ v ' t V i > ‘ Proceedings American Academy, lOOlj vol 

37, p 1, 1002, vol 37 p 900 low ^ 0 »fi, j L - ' ji P* 58lf Zeltsch physlkal Chem , 1902, to^ 

40>pp 169,597, 1903,-0' i2 , i Jt •‘A j- 
i Von der Waals, Zoitach physikal Chem , 1001, vol 38, p 257 His earlier publication on diis topic 
(Proe, R Akad Wetensch AmsiC'-dcini, “v ol 20, p 13S) was unknown to mo at that tirao Seo aJso 

X/6WOS, Proceedings American Academy, 139‘b ^5, p 21 
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actually occupied by the molecules) is changeable, are not the 
molecules themselves compressible ^ ^ 

The next step in the tram of thought is perhaps equally obvious. 
If changes in the bulk of molecules are to be infeiied even from 
gases, may not the expansion and contraction of sohds and liquids 
afford a much better clue to the relative expansion and contraction 
of these molecules ^ 

Most physical chemists lefer all changes m volume to changes m 
the extent of the empty space between the molecules But are 
there, after all, any such empty spaces m sohds and hquids Sohds 
do not behave as if the atoms weie fai apart withm them, poiosity 
is often conspicuous by its absence Take, for instance, the case of 
glass; the caieful experiments of Landolt on the conservation of 
weight ^ show that glass is highly impermeable to oxygen, nitrogen 
and water for long penods Such poiosity as occurs in ligid, com- 
pact sohds usually permits the '«f - .b'' which 

enter mto the chemical structure w ** h; ,■ < . « \ . - Thus, 
nitrogen can not fiee itself from »’ i, i i'. « m ! . cupric 

oxide, although oxygen can escape, ^ agam, water can not evaporate 
into even the driest of atmospheies fiom accidental mcarceration 
in crystals lacking water of crystalhzation ^ Palladium, on occluding 
hydrogen, is obliged to expand its bulk m order to make room for 
even this small addition to its substance The behavior of platinum, 
nickel, and non is probably analogous, although less marked.^ 
Fused quartz, iznpeimeable when cold, allows of the passage of 
Ijdium iird hydrogen at high temperatures,® but most, other gases 
seem to be lefused admission and very many solid substances appear 
to act as effective barriers to the passage of even hydrogen and 
helium, especially when cold. In these cases, as in so many others 
the so-called sphere of influence of the atom is the actual boundary 
by which we know the atom and measure its behavior.^ Why not 
call this the actual bulk of the atom? 

From another point of view, the ordmary conception of a solid 
has always seemed to mo little shoit of an absuidity. A gas may 
very proper Iv be imagined wuth moving pai tides far apart, but 

3 Van cler V ouls sdo 'ks ciiuuoi slj , bat ■wiiii '-ome couvifuon ls to the probable romprcssibikty of the 
Tnoitcu’cs on p 2^^ of the r cited 'iboie 

SIT X^sndD’t, I'eler die Fruntnnj? der Masse bei chem Urawandlimgeii, Abhandltmg der IcbnJgl, 
pieu« Vkad der Wisjcwhiftcii, loio 

ellicbardb,Zej.iSil unorg Chen , \ ol l,p 196, Proceedings American Academy, 1893, vol 28, p 200, 

ibid, 1898, vol p J9'J 

* BaJrcr anct Adhm Jo jrnal Chemici^ Society 'Praaisactions, 1911, yol 99, p S07 

» Kicliards ynrl Belj*, Public itious Carnegie Institution, 1900, Ho 61. 

8 Jacquc>'od ‘ind Porrot, Coirpt rend , lOOr vol 144, p 135 

Since thwe ideas ■were first advanced, li^rlo^vand Pope have brought forward mnchinterestingevidemie 
ooncornuig ihe significance of the voluuoia of solnU and Kquids, winch bunporls the idea that the atoms 
are in com ict wdtn one anothci (Trans , 1906, vol 89, p 3073, 1907, "vol 91, p, 1150, 10Q8, vol 93, 
p 1528, 1910, vol 97, p 2308 ) 
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what could give the rigidity of steel to such an unstable s tincture^ 
The most reasonable conclusion^ from all the evidence taken together, 
seems to be that the interstices between atoms in sohds and liquids 
must usually be small even in proportion to the size of the atoms 
themselves, if, indeed, there aie any interstices at aU 

Veiy direct and convmcmg evidence of anotliei sort is at hand. 
The idea that atoms may bo compiessible receives strilong confiima- 
tion from a recent interestmg mvcstigation of Gnmeisen ^ concerning 
the small effect of low tempeiatures on the compressibihty of metals 
The aveiage compiessibihty of aluminium, iron, copper, silver, and 
platinum falls off only 7 per cent between the temperature of the 
room and that of liquid an. Extrapolation of the curves indicates 
that at the absolute zero very httle further dimmution should occur. 
As far as we can guess, iheiefoie, the haid metals aie almost as com- 
pressible at the absolute zero as at room temperatuies But at the 
absolute zeio all hoal-vibiation is supposed to stop; hence this 
remaining compiessibihtv must noedb be asciibcd to ihe atoms 
themselves 

II the atoms aie eoinprcs-^ible, all inathemalical leasomng which 
assumes them to he incoiiipicssiblo rests upon a lalse basis Tlie 
lonefcic theory oi game's remains unmolested by these ‘ot" il, 
except as they iiulicale iho changeability of h m the eq .» ■ ! u “ ' 
der "Waals but the new viewb aliect ^enoiish' the application of llus 
equation to fcoluh and Iiqinds 

Let us piocecd to liace a few of the outcomes of our h^pothesis- 
If atonr^ may leally ho packed clo-^ely togothci, the \ olunics ot solids 
and liquids should afloid Aaluablo kiiON\lecige conceiiimg the lelativo 
spacer occupied by the aloniis tliemseUcs uiutor xai^ung coiuhtioiis. 
Tlie densities of solids and liquids then assume a sigmficaiice far more 
interesting to the chcnucal plulosophci than ])eroie, because they have 
a moie definite connection vith tlie fundamental nutuie of thmgs 

An appaienl objection at once suggo'^ts itself if the particles in 
condensed material are really touclung one another, how can we 
account loi lieat willnn the inateiun Would such closely packed 
atoms be ablo to vibiate'^ 

The theoi}’ of compiossiblc atoms supplies as one of its own corol- 
laries the immediate answer to this question If atoms arc com- 
pressible throughout their whole substance they may conbact and 
expand, oi vibrate vitliin Uiomselves, even when their suifaeos are 
prevented fiom moving by being closely paclced together It thus 
possible to conceive of a vibrational effect, even in contiguous atoms^ 
provided wo can conceive of these atoms as being elastic tliroughout 

IE Gruaeispu, Ann Plivsil", i?10 (iv), to! 33, p 123'^ The reV live \ aloes ^or tho coinprcssil ihties 
ret'ordedin lius Investi^al’an are clojbxlCi:& trusts orth-v , althoi gh lLc ^hbolute ini gniturea ve^^mev-hat 
uni’etUn i bijt.a\L,e ihpy dopput. on ti o ra-hc*- in Theory of ei'ib JcUj 
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all their substance. Agitation sufficient to produce even the Brown- 
ian movement might easily exist in such a system 

Clearly there is nothing impossible or obviously contradictory to 
expenmental knowledge in the notion that atoms are compressible; 
mdeed, the old idea of small, hard particles far apart is really more 
arbitrary and hypothetical than the new conception The obvious 
siniphcity of the latter is rather in its favor than otherwise, as in 
^Dalton^s atomic theory In general, the more simply an h 3 rpothesis 
interprets the phenomena of nature, the more useful the hypothesis 
is hkely to be, provided, of course, that the mterpietation is adequate 
The modem philosophy of pragmatism is a good guide in such matters, 
a theory not obviously illogical should be judged by its usefulness 
Let us then test the new hypothesis by applying it to other aspects 
of physical chemistry 

If pressure produces a change m the sizes of the atoms and mole- 
cules themselves, may not the actual volumes of lic|jnch and -olids lx* 
used as a guide to the unknown internal p»o~sLcU v'iiliui ilum' 
Can not we thus discover whether oi not chemical affinity exerts 
pressure m its action To follow this clue, the simplest possible case 
was chosen at first, namely, the comparison of the contractions taking 
place on combining several elements m succession vnth a single very 
compressible one The changes of volume occurring durmg the for- 
mation of oxides were first computed, later, chlorides and bromides 
were studied Accordmg to the theory of compressible atoms, we 
should expect to find greater contraction in cases of greater affinity. 
The diagram (fig. 2), which depicts typical data concerning certain 
nearly related chlorides, strongly supports this inference ^ One of 
these lines shows the total change of volume which occurs when a 
gram-molecule of chlorine combmes vuth the equivalent weight of 
metal; the other gives the heat evolved durmg combmation The 
lines show distinct paraUehsm, that is to say, reactions evolving 
much heat manifest great contraction. In cases of this kind the 
heat of reaction is usually not very different from the change of free- 
energy , therefore we may infer that greater affinity is associated with 
greater contraction, and it is but a small leap in the dark to guess 
that the change of volume is caused by the pressure of affinity 
Since chnniical attraction holds two elements fimly together, why 
should it not exert pressure ^ And if it exerts pressure^ why should 
not the volume of the system be diminished by tins pressure ? 

This interpretation is not wholly new Faraday^s great teacher, 
Davy,® pointed out for the first time a similar facL, namely, that the 
contraction which takes place on formmg the oxide of potassium is 

i molwda, Proceedings American Academy^ 1902, vol 37, p 399, also, especially, Kicliarda ai^d Jones, 
Journal American Clxemical Society, 1909, vol 31, p 188. 

> numphrjr Davy, Collected Works, 1840, vol 6, p 133 (footnote). 
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greater than the contraction which takes place on forming several 
other oxides, and he ascnbed this effect to the well-known differences 
of affinity in these cases, but he thd not carry the idea further. 
Long afterwards, Braun, ^ Mueller-Erzbach,^ Hagemann,® and Traubc/ 
independently and apparently without loaowledge of each other’s 
work, called attention to othei cases of similar relationships 

All of these researches have produced so httlo effect on the htera- 
ture of the subject® that they were entnely overlooked during the 

COMPARISON of HEATS OF FORMATION of CHLORIDES 
and CONTRACTION ON COMBINATION 
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earlier part of the present investigation. The oversight mattered 
little, however, because the whole subject needed a fresh atttxck 
Essential factors in the situation had not been noticed by any of 
these earher investigators Affinities, indeed, had been consideiod, 
but the nature of the substances on which the affinities act had been 
overlooked Evidently the change of volume in any case must de- 
pend not only on the intensity of the piessure exerted b}’' tJie afimity, 
but also, among other tilings, on the compressibihty of the sub- 


I y. Braun, seo JoruLSor Jo irnal Chemical Socctv Transactions, 1877, vol 31, p 252 
aiTuellar-Erzhach, Ler , d deutsrh Ch Gto , vol 14, pp 217,2043 
8 Hagamann (private publication, rriodlilrider, 1000) 

* Txauhe, Vobeir to Baum der Atoma, Ahrens s Sammliint der chem und cnem -toctui VortiUge, vol, 
4,p-25C 

s gee, for example, O&twald's Qundrls? dor allgememen Choml6^. 1899, p 



stances concerned The greater the corapressibility, the greater 
should be the change of volume caused by a given pressure of affinity 
Befoie any definite conclusion can be drawn, the differences m com- 
pressibihty must be taken mto account 

These thoughts led to the moasuimg of the compressibilities of a 
large number of elements and simple compounds The previously 
employed methods foi solids and liquids being unsatisfactory, a new 
and highly satisfactoiy method was devised for the work done at 
Harvard Pure mercury is compressed in a suitable tube, measurmg 
both pressure iind change of volume, and then most of the mercury 
IS displaced by the substance to be studied, again notmg the rela- 
tionsliip of pressure to volume The difference between the com- 
piessibility of mercuiy and that of the substance is then easily cal- 
culated Obviously, m such a method as this, the compressibility 
of the apparatus itself is eliminated The relation of volume to 
pressuie is easily determined by causing the mercury meniscus to 
make elector al contact with a very fine platmum pomt in a tube of 
nairow diameter, addmg weighed globules of meicury, and noting 
the coiiespondmg pressuies ^ Time foibids the desciiption of the 
details of the procedure 

The compiessibihties of 35 elements and many simple compounds 
were studied by this method with sufficient caie to leave no doubt 
as to their relative values It became at once mamfest that the 
formation of a compound of a compressible element was attended 
witli greater decrease of volume than the fonnation of a similar com- 
pound of a less compressible element, other things bemg equaL^ 
This is just what the theory leads us to expect, and is a fact inexplica- 
ble by any other h}q:)Othesis as yet known to me 
Anothei essential aspect of the theoiy of compressible atoms is 
that which concerns cohesion ^ If the pressuie of chemical affinity 
causes atomic compression, may not the pressuie of cohesive affinity 
also have the same effect^ Traube suggested this possibility, but 
looked at the whole question from a different point of view^ The 
affinity winch prevents solids and liquids from vapori 2 ang is generally 
admitted to produce great internal pressure, must it not lend to com- 
pi css the molccidc^ into smallei space ^ ]\rolccule^ with lugli cohc^^ive 
affinity (tho'^e ol subbtiinces hard to AolaliluvO dunild be much com- 

1 liicliards m coll‘ibor'*t’on ’tolh Stull, Tomot, Brini:, Hathews, Jones, Speyer. T • i ' • r i 

Iistilw^uofW •'nuiisj on \o‘. nC "i Joi ’■'r' American Chemieal Society, 1904, ■' i 
31, p m, Zeit^rh 1 Che <i -f),p U1907 ,yoI 61, p 77- 

-i RiOnras, l’jOCC?!ilm«s Vnu'L''n AcaaOln^,190t,vol. 39,p 581 
* lUiu 
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nuinr>cr of intcrcstnis' anti inportant rcUtions conrr uicmal presaprL wnicn seem to demand tho 

svfasamp+ion of atoraJe t-omprGjSibiiiry for Uicu oxplona+ion 
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pressed and possess small volume, wheieas molecules vnth a shglit 
cohesive affinity should be more bulky Moreover, those molecules 
already much compressed by their ovm self-affinity would naturally 
be but httle affected by additional pressure Thus, as regards two 
substances otherwise similar, the less volatde one would be less com- 
pressible, denser, and possess gi eater surface tension ^ These out- 
comes of the theory agiee with the facts m 80 per cent of the cases thus 
far studied, for example, o-xylene is denser, less volatile, less com- 
pressible, and possesses a greater surface tension than either fa-xylene 
or p-xyiene ^ Differences of structure and differences of cheimcal 
natiiie sometimes conceal these relations, the paiallehsm appears 
most stnlvingly among isomeric compounds In brief, the bulk of 
evidence strongly mdicates that cohesiveness as well as chemical 
affinity exerts pressure m its action, and hence that each plays a part 
m determinmg the volumes occupied by molecules 

Thus the computation of the space occupied by either a sohd or a 
hqiiid becomes a veiy complex matter Not only must the vanous 
chemical affinities at work be taken into account, but also the co- 
hesive attraction of both factors and products, and the compress!- 
bihties over a veiy mde range of all the substances concerned Dis- 
coverable paraHehsm m volume changes is to be expected only when 
one alone of these tendencies is the chief variable 
The exact mathematical worlong out of the consequences is very 
far m the distance, if, indeed, it can ever be attained This fact does 
not, however, militate m the least against the plausibihty of the idea. 
Although manlond has not yet been able to devise a method of mathe- 
matical analysis which \vill solve at one stroke the gravitational rela- 
tions of three bodies, nature is not on that account prevented from 
causmg three or more bodies to act on one another with the force of 
gravitjq or astronomers from calculatmg as nearly as may be the 
consequences by a process of approximation 
Carried tlmough to its logical conclusion, the idea that atoms are 
compressible gives one quite a new conception of the molecular me- 

1 RIehaids aad Mathews, Zeitsch physical Chem , 1908, vol 61, p 449 

2 V iththehelpofC.U SpeyersI have detcnmned these constants with great cate The substances were 
unusually pure, the p-xylono freezing at.13 2® The details will be published as soon as possible The re- 
sults axe recorded in the following table* 
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cliamcs of the universe The influence of atonin. compressibihties 
may be perceived everywhere, and in most cases each fact seems to fit 
easily and without constramt mto its place m the hypothesis Even 
apparent exceptions, such as the abnormal bulk of ice, may be ascribed 
in a reasonable fashion to superposed effects, A detailed discussion 
of many apphcations of the theory is impossible here, but a few may 
be suggested, in order to make clearer its possibilities. 

The satisfying of each valence of an atom would cause a depression 
on the atomic surface, owmg to the pressure exerted by the affinity 
in that spot The stronger the affinity, the greater should be tins 
distortion. Evidently this conception gives a new picture of the 
asymmetric carbon atom, w^hich, combined with four other different 
atoms, would have upon its suiface depressions of four miequal 
magmtudes, and be twisted mto an unsymmetncal tetrahedion The 
combining atoms would be held on the faces of the tetrahedron 
thus formed, mstead of impossibly perchmg upon the several peaks 
Accoidmg to this hypothesis, the carbon atom need not be imagmed 
as a tetrahedron m the first place, it would assume the tetrahedral 
shape when combmed with the other four atoms One can easily 
imagmo that the development of each new valence would change 
the affinities previously exercised, somewhat as a second depiession 
m the side of a rubber ball wiH modify a forcibly caused dimple m 
some other part. Thus a part of the effect which each new atom 
has on the a ffini ties of the other atoms already present may be 
explamed 

Many other physico-chemical phenomena assume a new aspect 
when viewed from the standpomt of this idea New notions of the 
mechanism of the critical phenomena, surface tension, ductihty, 
malleability, tenacity, and coefficient of expansion are gamed The 
peculiar relations of material and light, such as magnetic rotation, 
fluorescence, partial absorption, and so forth, may be referred to 
the modified vibrations of distorted atoms The deviations fiom 
the exact fulfillment of many older generalizations concernmg volume 
(such as the equation of van der Waals already cited, the comparative 
volumes of aqueous solutions, especially of electrolytically disso- 
ciated substances,^ and the variations in the crystal forms of isomor- 
phous substances) are seen to be a foregone conclusion. Moreover, 
the theory, although not necessaiily dependent on the modern belief 
that atoms are built up of numbers of much smaller corpuscles, is 
consistent with that belief, for would not such an entity be 
compressible ? 

The more closely tlis actual data arc studied, the moio plau'^iblc 
the hypothesis of compiossible atoms appears Ten 3"eais' experience 


1 lias \ery rercTiM’ diicii''Scd tUib m^ttpr 'rom tlie point of \ icw of tlio llicory of <.oi!ipresi)ib’o 

atoms (Journal American Clienncal Society, 1911, vol 33, p 922 ) 



FUNDAMENTAL PEOPEETIES OF THE ELEMENTS — EICHAEDS. 211 

with its interpretations leads me to feel tliat the idea is highly sug- 
gestive and helpful in stimulating new search after truth and in cor- 
relating and codifymg diverse facts. By such fiuit aie h5rpotheses 
justified. 

The relation between heat of reaction and change of volume 
stimulates interest in chemical thermodynamics and curiosity as to 
the mechanism of the output of energy dui'xng chemicjxl change A 
search foi accurate data wherewith to leason about this question 
soon levealed the uncertam nature of many of the figures Here, m 
the domain of thermochemistry, as m those of atomic weights and 
compressibihties, new methods were needed in order to at tarn pie- 
cise lesults Accordmgly, a device was adopted which at one stroke 
annihilates the pernicious “cooling corrections^ — the worst foe to 
accuracy — by merely causmg the tempeiature of the jacket aiound 
the calonmeier to change in tempeiatuie at the same rate as the 
calorimeter itself Theie are several ways in which this may be 
accomplished, among these ways the folio wmg was chosen as the 
best method for a chemical laboratory. The calorimeter, inclosed m 
a slightly laiger watei -tight vessel, with tubes above — a kind of sub- 
marine — is nnmersed under the surface of dilute cmde alkali in a 
pad. Thermometeis inside and out enable one to adjust the tem- 
peratures at the same point The reaction is then started in the calo- 
itmeter, and at the same moment and at a correspondmg rate acid 
IS dropped mto the dilute alkali m the pail, so that the two tempera- 
tures inside and out keep pace with one another. Thus theie is no 
loss of heat from the mside vessel, the thermochemical reaction is 
strictly adiabatic This method has already been used at Harvard 
with veiy encouragmg outcome in detennunng a wide variety of 
thermochemical data, heats of combustion of hydrocarbons, of solu- 
tions of metals m acids and of neutralization, specific heats of solu- 
tions, and also of the elements at very low temperatures, and finally 
latent heats of evaporation ^ It has proved itself especially valuable 
m the study of slow reactions, where the coolmg correction may 
become a large portion of the total result. The effort is bemg made 
to apply to this experimentation concerning chemical energetics the 
same degree of care which has recently been attempted m the revi- 
sion of the atomic weights, and although on account of the greater 
complexity of the problem the percentage accuracy thus far reached 
has not equaled that m the case of atomic weights, one can not help 
thinking that the proportional gam over previous investigations is 
perhaps as great in this case as in the other 

iBichards, in collaboration with, Henderson, Porbes, Frevert, Hathews, Eo r, v, d 
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In thermo chemical reasonmg particularly, accurate data possess a 
significance wholty demed to cruder results The relations between 
the heat of formation of organic substances, if determmed accurately 
enough, may be hoped to throw light on orgamc structure and the 
nature of valence Approximate values are of no use at all for such 
a purjiosG Enough has been done already to suggest relations of a 
highly mteiestmg sort between heats of combustion, heats of evapo- 
ration, compressibilit}^, and many other properties, and to add sup- 
port to the theoiy of compiessible atoms ^ Moreover, taken m con- 
nection with moie precise knowledge of the free energy of chemical 
changes, the new lesiiits will permit the evaluation of bound energy, 
and give lesults which may decide whethei or not bound energy is 
really a simple function of change of heat capacity, as has been more 
than once intimated ^ There is time now only to suggest possibihties, 
each of winch would take hours to elucidate 

How can we collate all the vaiying properties so as to show their 
many-sided relationships *2 How can we piece together the scattered 
evidence so as to synthesize an adequate conception of the ultimate 
nature of things These questions may never be adequately 
answered, but science must ceaselessly endeavor to solve the problem 
which they present 

A fii'st step IS clearly to &id the way in ’which each pioperty varies 
in relation to everj" other With this m mind, let us appeal to the 
irregular system of the periodic classification, which formed the sub- 
ject of the Faraday lecture by Mendelfieff 22 years ago Tins mys- 
terious index of uncharted tendencies must hide withm itself guiding 
ideas capable of pomtmg us onward. 

Clearly each property must receive, not merely qualitative, but 
strictly quantitative treatment With this m mmd, let us compare 
our various facts by plotting atomic weight in one dmection, and all 
the other properties m another. Then by notmg the parallelism or 
antiparallelism of the wavy Imes many relationships may be traced. 
The device is not new Carnelley compared Lothai* Meyer^s atomic 
volume curve with that of meltmg points, and other similar' data 
have been plotted, but the method has not been used to its full 
extent. 

Let us then turn to the diagram (fig 3) m which the variations in 
a number of properties are plotted with relation to the atomic 
weights. Prominent among the Imes is the atomic-volume curve just 
mentioned Below it is plotted the almost parallel Ime depictmg the 

J BioliaTds, Proceedings Amencan Academy, 1508, vol 39, p 581, alsoZeitsch physikal Chem , 1904, vol 
49, p 15 

a Helmholtz, Leim, Hoff, Nemst, and Haber, as well aa tho author and many others, have con- 
tributed to this discussion An interesting with references to many of U c i '■» l 

bo found in Haberis Thermodjmarnics of Technical Gas Reactions (translated b l lo , 1 o j i 
New York, 1908, 
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compressibilities of tlie solid elements as determined at Harvaid, 
these are immediately seen to be, lilte the atomic volumes, periodic 
functions of tlie atomic weights The parallelism can not hut suggest 
that atomic volume and compressibility are limdamentally eoimectod , 
and, mdeed, the theor}^ of compressible atoms gives a plausible 
explanation of the connection. We should expect the large atomic 
volumes to be more compressible, because we might mfer from their 
bulk that they are not under as great pressures as the small volumes, 
and material under slight pressure is lilcely to be easily compressible. 
Moieover, the bulky and easil}" compiessible elements are m most 
cases moie easily melted and volatihzed than those posscssmg small 



volume and slight compiessibility. This is just what we might 
expect, all these properties combme to mdicate that the bukly 
elements have less cohesion than the compact ones 

Next, another set of waves may be considered, lepresenting pioper- 
ties not often depicted m this way. These are the heats of formation 
of simdry similar compounds, also plotted with relation to the atomic 
weights. In the third cmwe are given the heats of combmation of 
chlorine with other elements, and below it a heavy line depicting 
Idle heats of the combmation of oxygen with these elements, both 
sets of quantities being expressed m terms of gram-equivalents. 



These two lun partly parallel with one another; but a deviation 
in the paiallelism appeal’s, which is full of suggestiveness The 
peaks of the curves representmg oxides shift distinctly to the right 
of the cuiwe icpresentmg chlorides as the atomic weight mcreases. 
Litluum marks a maximimi with both cuives, but the oxygen cuive 
lags greatly at the succeedmg peaks, having its maximum with lan- 
thanum at the atomic weight 139,* and shiftmg over as far as lead 
above 200. This simple fact standmg alone would perhaps mean 
but little, but other siimlai facts seem to pomt m the same direction. 
For example, the propeity of electro-positiveness, exhibited by the 
alkali metals, mstead of leappeaimg m copper, has been carried over 
with diminished intensity to zmc, and finally, among the higher 
atomic weights the cusp has deserted mexcury (the analogue of zmc) 
and gone as far afield as thallinm. Clearly the rate of progression 
which determines electro-positiveness has a longer 'Vave-length'^ 
than that which determmes valence, if we may describe the perio- 
dicity of these zigzag curves as waves. Again, the tendency toward 
low melting pomt unquestionably hkewise progresses with a longer 
^Vave length'’ than most of the othei properties In the fimt 
complete period, nitrogen, oxygen, fluoime, and neon all have very 
low melting pomts. At each recurrence of these gioups vuth higher 
atomic weights the meltmg pomt rises, whereas with each recurrence 
of the immediately following alkah metals the melting pomt falls. 
By the time antimony is reached, this analogue of mtrogen has a 
melting pomt as high as 900 absolute, whereas the next alkali metal 
has the lowest melting point of all these metals. Clearly the prop- 
erty of meltmg has shifted toward the right Other examples of a 
similar kind have been pointed out by others, for example, the well- 
known displacement from strict periodicity of argon, cobalt, and 
tellurium aU point to an unequal rate of piogression m isolated cases 
Thus, tills phenomenon seems to be a general one; the various prop- 
erties of material seem to oscillate with varymg ihythms as the 
atomic weights mcrease. The valuation is so gieat that one may 
almost suspect not only varying rhythms but also rhythms repre- 
sented by different types of mathematical functions. 

These facts suggest a possible reason for the great irregularity of 
the last part of the periodic table May it not be that the nature 

1 The essential for ’ 

great affinity for otygGUj . » * 

7ii; mhidiiun, 42, strontitnn, 71, caesium, 41, harium, 67, and lanthanimi, 74 These values correspomd 
with grani’equivalents, that is, comhination with S grams of oxygen, and are expressed in kilogram- 
caloriGS The typical oxide is always meant The figures rest chiefly upon the recent work of nengadCj 
de Fcrcrand and Guntz. References to most of the papers are to be found m Ahegg's ** Handbuch der 
anorganisqhcn Chemio ** The work of Guntz is published in Compt rend , 19Q3, vol 136, p. 1071, 1906, vol 
140, p 863jPi'dl ^*^0 ehiT 3? '^3 wa 3 donebyMatignon,Ann. 

Cbim Phy^,!'- v < ■' > T *' »u' • or i ^ ■> r known, but 

since thooi T in 'ijcv « "‘lIM"! i probably less 

than 70 caloiits per gram-equivalent 
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of the elements is determmed by several fimdamental tendencies 
which may be compaied to the Mendehan chaiacteis of the modem 
theory of heredity? If these character recui at diffeient intervals 
as the atomic weight incieases, a given rhythm occuiring at fust 
would nccessaiily be obhteiated toward the end of the system To 
change the analogy and borrow a term from the nomenclature of 
light, we may say that the tendencies which produce the curves m 
this diagram, might first reenforce and aftei wards mterfere with one 
anothei, because they possess different wave lengths At fiist, 
oveilappmg might accentuate one set of properties, latei the changing 
relation might annihilate this set of properties and cause anothei 
Thus, all the vaiieties of material may be functions of some few 
fundamental characteristics which progress at different rates as the 
atomic weights mciease 

Any attempt to discover the nature of these fundamental tenden- 
cies must be of a highly speculative chaiacter In our ignorance we 
can not distmguish between cause and effect The well-known defi- 
nite relations of the spectiimi Imes suggest that at least one of the 
essential lequirements for the existence of an atom may be suscep- 
tibility to certam definite harmomc vibrations, those compressible 
atoms capable of vibrating m certain rhythms may be permanent, 
whilst other aggregations may be unstable The gap m the periodic 
system where ekaiodme and ekacsesium should be, and the amazmg 
instability of the elements immediately following, supports the 
notion 

But here we have a cosmic puzzle for future solution. To-day we 
lack adequate data, we are blocked at eveiy turn by our ignorance, 
theiefoie, the immediate problem is to discover and test each step 
as caiefully as possible When the facts have been ascertamed, 
man will have a solid basis upon which to build his future super- 
structure of theoretical mterpretation 

The quest is not dictated by mere curiosity alone All organic 
life IS actuated by chemical energy, and exists in a mechanism and 
environment composed of chemical substances, and the effort to 
understand these essential conditions of human existence constitutes 
one of the most important objects of human endeavor. Superficial 
obseivation of the complex phenomena of hfe can do but little; as 
Faraday well Imew, patient study of the fundamental laws of the 
physical universe alone can help to unravel the intenvoven threads. 
Health, well-bemg, and a profound philosophic outlook aie alike 
dependent upon the result. No one can predict how far we shall be 
enabled by means of our limited intelligence to penetiate mto the 
mysteries of a umverse immeasurably vast and wonderful; never- 
theless, each step m advance is certam to bring new blessing to 
humanity and new mspiration to greater endeavor. 




THE PRODUCTION AND IDENTIFICATION OF ARTIFICIAL 
PRECTOUwS STONES ^ 

[With 3 plates ] 


By Noel Heaton, B Sc , F, C S 


During recent yeAis the pi eduction of artificial stones on a commer- 
cial scale has become an accomplished fact, and a great many nuscon- 
ceptions and misleading statements have been made as to the relation 
which these productions bear to natural products on the one hand and 
mutations gems on the othei It may therefore be of some use to 
make the matter clear by descnbmg as fully as circumstances permit 
what has been done m this direction and what has not been done; 
what IS practicable and what is impracticable in the present state of 
our knowledge 

I suppose there are few subjects of mterest from so many points of 
view as that of precious stones The beauty and rarity of fine speci- 
mens has fiom time immemorial lendered them the most treasured of 
possessions With the romance that surrounds this aspect of the 
question we have nothing whatevei to do to-night, except to bear m 
mmd that on account of their great value men have for centuries 
strained their ingenuity to solve the mystery that sunounds the origin 
of such stones, and amass wealth by producing them at will instead of 
by the laborious and highly speculative process of digging for them 
in the earth 

Until the development of modern science and accurate methods of 
investigation tins problem resisted all attempts at solution, and it is^ 
in fact, only withm the last few years that the artificial production of 
any species of gem on a commercial scale has become practicable. 

Of course, one can cut the Gordian knot by preparing a colorable 
imitation of the real thmg, but that is quite another matter, and I want 
to make it quite dear at this point that I propose to limit the term ''ai'ti- 
ficiol to such productions as possess the same chemical composition 
and physicial constants as the natural stones, differing from them only 
m minute details consequent upon their being produced in the labora- 
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tory instead of being dug out of the earth, all other makeshifts being 
propeily desonbed as ^ imitations ’’ The pioduction of imitation gems 
IS by no means a modem invention, as is doubtless well known to you 
To go no furthei bark than the time of the Roman Empire, the master 
glassmakcis of the dawn of oiu era, whose slull and Imowledge of glass- 
nialang one appreciates moie Inghly the moie one investigates the 
industrial life of those tames, weio able to mutate almost any piecious 
stone exactly, as fai as outward appearance went, in colored glass— 
and not only the tiansparent gems, but the structure of such semi- 
precious stones as agate, cornelian, lapis, and porph3rry It would be 
quite out of place to devote any time to-mght to this lustoncal aspect 
of mutation gems, but I can not refram from alludmg to the lemaik- 
able examples of such mutations found by Mr WooUey at Karanog/ 
from winch it is difficult to resist the conclusion that m qmte early 
times Nubia was the center of tlus industry To judge by the stones 
one reads about jewels m those times — stories of the Emperor Com- 
nenus, for example — one suspects that the giassmakers turned their 
skill m this direction to some account and considerable profit on behalf 
of an Ignorant and somewhat eiedulous aristocracy, for m those days, 
and, m fact, until qmte recently, not only was the nomenclature of 
gems very vague, but methods of identification were chiefly remarkable 
for their nonexistence 

The chief criterion of a precious stone was its coioi, so much so that 
throughout medieval times blue glass was known as sapphire and 
green glass as beiyl, etc , giving nse to the legend that m the time of 
Queen Elizabeth windows were glazed with sheets of beryl ^ As the 
tendency still lingers to regard all red stones as rubies and green as' 
emeralds, and so on, I would like to make it clear at this point thatj 
color IS really quite an accidental pioperty of piecious stones, the^ 
substance of whi(*h nearly every species of transparent gem is essen- 
tially composed is colorless, and the color is really produced by mmute 
proportions of impurity 

This being the case, we find that on the one hand the same species of 
gem stone may exist in a large variety of colors, and on the other hand 
that a color characteristically associated with one gem may often be 
found in another having essentially different composition and prop- 
erties Owing to this confusion it was veiy difficult to draw the Ime 
between a genuine and imitation stone until the vanous species of gem 
stone were accurately defined and their names clearly associated with 
particular composition and properties, the detemnnation of which 
forms at the present tune a means of distinguishing one from another, 

1 Karanoi?, by G L Woolley and D Kandall Maclver Pbiladelpbia Museum, 1910 

^ This is quoted m Hollmgsbed e read in Tlieoplulus (II, cap sii) of ^'tabulas sapbiri pretiosas ac 
sat lb utiles In fenestns In a previous paper (Journal, Mar. Xfi, 1907) I have shown bow tbe name Jet was 
varioualy applied. 
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and also of deciding •wliether an alleged gem is genuine or imitation 
with ease and certainty 

The scientific examination and identification of gems m this 
manner is a mattei of the greatest mteiest, but it would take far too 
much time to discuss it in detail, and it is quite unnecessary to do 
so, because it has aheady been brought before the society most 
exhaustively by our chairman, Dr Mieis^ I propose, theiefoie, 
meiely to lemind you of the main points by means of the accom- 
panying summary (Table I) 


Table I — P) ope] ties influencing the value of pi ei ions stones and used as meanB of 

identification 


Beauty 


Durability .. . . 


Additional means of identi- 
fication 


Color 

Cleavage 

Stnicture I Lammation 
Inclusions 

Hefractu e power [refractometer] 
Double refraction [polaiiscope] 
Optical properties ^Pleochroism [dichroscope] 
Dispersion 

Absorption spectrum [spectroscope] 
[Hardnesa [hardness points] 

... I Toughness 

\Cheimcal composition 
Specific gravity 
Thermal conductivity 
X ra>s 


In order to bring this mattei up to date in the records of the 
society, however, I must lefer biiefly to one or two particulars in 
which advance has been made since the time of these lectures. 

The most impoitant pi op er ties of a precious stone aie those 
dependmg upon its lefractive powers. Until recently the accurate 
determmation of the refractive index of a stone was a matter involv- 
mg the use of complicated and expensive instruments, and a matter for 
the skiUed mmeialogist rather than the practical jeweler. It is 
true that at the time Dr. Miers published his lectures there existed 
an instrument known as the reflectometer, but the determination 
of the refractive index with this was a matter of some difficulty 
even m skilled hands, and its value for commercial purposes was 
very small Since that time, however, thanks to the mgenuity 
of Dr Herbert Smith, this instrument has been improved out of all 
recognition, and in its place we have the Herbert Smith refractom- 
eter (pL 1, fig. 1), by means of which anyone of noimal common 
sense can determme the refractive index of a stone in a few seconds 
without even lemovmg it from its setting, and which, with a little 


I Cantor Lectures on Precious Stones, Apiil, 1890 



practice, will also enable one to determine witb sinnlar ease the 
amount and kind of double refraction and the degi^ee of dispersion 

As will be seen from the diagram (pi 1, fig 2), the mam pimciple 
of the instrument is the same as that of the reflectometer, the lefi ac- 
tive index being measured against a standard of highly refxactmg 
glass by means of the angle of total reflection, which of course 
dimmishes the nearer the index of the stone approaches that of the 
standard It is, however, in the details of construction that such 
a marked advance has been made, and it is these details which make 
all the difference in practical work. To use this instrument all that 
has to be done is to place the stone iindei oxanunation in optical 
contact with the flat surface of the dense glass, and ariange it so that 
a good light (preferably monochiomatic) enters the mstiument 
through the lower lenticular opemfig, when the refractive index 
is read off directly on a scale, without calculation ^ 

Some little advance has also been made m the construction of the 
dichroscope foi dctemunmg pleochioism As will be seen from the 
illustration (pi 1, fig 3), the instrument in use to-day is provided 
with a revolving holder tipped vnth wax, to which the stone is readily 
fixed, leaving both hands free — a detail, but again it is such details 
that count in practice 

Talang the propeities of precious stones as a whole, the gieat point 
about them is the remarkable combmation of qualities, it is not so 
much that they have optical properties which make them extraordi- 
narily beautiful, or that they have remarkable hardness and dura- 
bility, but they have both, and it is the impossibility of reproducing 
this combination in any other material that renders the dcif'r lion of 
imitations a matter of ease in the hands of anyone famili^ i \\ M h llio 
facts. 

Of couise, glass is the obvious material to use in the production 
of tmitaiion gems, and, as I have indicated, it has been so used from 
time immenioiial And, m later times, while science was equipping 
the expert in precious stones with the means of identifying them 
with certainty, the maker of imitations was also mvokmg its aid 
in the production of more successful imitations 

In modern times the manufacture of mutation gems on scientific 
lines was introduced by Strasser in Vienna, hence the name ^^strass,^^ 
although ^ 'paste is the more commonly used term. 

The finest of such modem paste beai*s little relation to the clumsy 
imitations of early times, the glass is specially prepared in order to 
combine, as far as possible, the necessary optical qualities with a 
fair amount of durability It is wcU known that by using lead 


1 It i3 here to give anj detailed <^count of the cnp<-tiuclioii jiid use of tnii, ui_+rurjcn1 1 ull 

particulars wi'I be found r '>’he He^bcLt SimtU Rcaactomete”, publisbea In 1 H Ste^.a^d, 40ii vSuaud 
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instead of lime as the basic constituent, the refractive indeA. and 
dispersive power of glass are much mci eased, and by replacing the 
alkaline constituent by thallium oxide in the same manner the 
refractive index may be raised as high as 1 96 and the dispersion to 
0 049.^ By adjusting the composition m this way, and prepaimg the 
glass with the greatest legard to the punty of the materials, manipu- 
lating it, moreover, in a similar elaborate manner to that employed 
in the production of glass for optical instruments, m older to secure 
the utmost freedom fiom st nation and inclusions, it is possible to 
mutate any precious stone accurately, as far as outward appearance 
IS concerned 

The trouble is, however, that with glass the more you increase its 
refractive power in Ihis way the softer and less durable it becomes, 
until you find that the very ^Mense” flint used for the refiactometer, 
havmg a lefractive mdex of 1 8049, is so soft that it has to be handled 
with gieat care to avoid scratches, and so little resistant to decay 
that in a comparatively short time the exposed surface becomes 
corroded, which is the one weak point of this mstrument It is true 
that this softness may be coimteracted to some extent by further 
adjustment of the composition, adding a proportion of aluxmna and 
zinc, and by careful thermal treatment of the fimshed stone in some 
such manner as that origmally introduced by Bastie, in which the 
glass is case-hardened by plunging whdst hot into a bath of oil In 
some of the best modern paste I have found a refractive mdex of 
over 1 6 combined with a hardness close on that of quartz, but this 
is the absolute limit, and it is not possible in any way to obtain 
a paste that can not be scratched with a hardened steel point Paste 
can also be readily identified by means of the scientific tests, as mdi- 
cated m Table II 


Table II — Identification of imitation precious stones 


Paste 

Stones 

Index of refraction r • . ' 

Single refracting, or ^ ’ ck' 

sirain 

Never pleochroic 

Index ot refraction ranging up to 2 4 

Double refracting, with exception of diamond, 
garnet, and splneL 

1 , L V col ■‘e'*'* 


Hardness always bolow 7 • Ij -g a 7 i n f '^rti . ‘ j”' 

Specific grpvitj usually above 4 l • 

Tber»^altoaaupiis.iLj lo^ T’^ermal couii ctiMtj comp^ratiyply liigh, 

Opaoue to X rays rranslucent oi tnuispr-^cuu to X ra-v s 

G cnerally si o iv spheric al bi obles au (i t urved striae Fre(iuently show lamination or inclusions. 

1 These are the constants given fm the Jena glass, No 3. 67, the specific gravity is 6 33. Reiroctive Index 
of diamond .s 2 4, and dispe’-sioa u 067 
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Table III — Composition of the principal piecious stones 





Species 

Variety 

Composition 

Klemenl 

Diamond 

Rub’v 

Carbon 

] 


Conindura 

Sapphire 

iO'tido ol aluminium 

0\i.lcs 

Qnart^ 

1 

I 

Orient d araelh 5 st, etc 
Cr\stal 
, Vraethj&t 
rairngorra, etc 

j 

jsvlica 

Alumimtes 

fSplnel 

BAlasrub>, etc 

Magnesium alnmmate 

Chnsober^! 

[Ue>.andrite 

j Beryllium aluininate 


Beryl.. 

] Emerald . 

\ Vquamanne. 

J Beryllium alummium silicate 



Hessomte 

Calcium aluminium silicate 


Garnet 

P\T:ope 

Magnesium aluminium silicate 


Umandine 

Iron aluminium silicate 



Demantoid, etc 

! Calcium iron silicate. 

Siliofttes 1 

. 01i\ eno 

(Peridot) 

Magnesium Iron sihcate 


Sphenc 

t 

Calcium titanium silicate 


Spodumeno 

I (Kumite) 

Lithium aluminium silicate 


Topaz 


Alummium fluo-silicate 


Tourmaline 

fj irpoou 

Complex ulkali-lime-alumlm, silicate 


Zircon 

j Zirconium silicate 

[Hvacmth 


1 Turquoise 


Hydrous aluminium phospcate 


Opal 


Hydrous silica 


Pearl 


Calcium carbonate 


The most important point to remember about paste, however, is 
its lack of durability, it is not only too soft to stand much wear, but its 
composition’ds so unstable that it rapidly deteriorates and loses its 
bnlliancj on exposuie You ivill see, therefoie, that although there 
IS a certain legitimate scope foi such paste imitations they are very 
unsatisfactory substitutes foi the genuine article This bemg the 
case, as scientific knowledge has advanced, attention has been more 
and more concentrated on the problem of pioducmg by artificial 
means the actual mmeials found m nature, and thus obtaimng what 
I have defined as artificial in contradistinction to imitation jewels, 
having both the beauty and durability of the natuial aiticle without 
the ohjectionai concomitant of enormous cost 
The first point to be considered m attackmg this problem is the 
composition of the stone, as it is obvious that, other things being 
e<3^ual, the possibilities of success are greater with one of simple than 
one of comparatively comphoated composition One also has to 
consider, however, the economic aspect — it is not much use devotmg 
time and ingenuity to the production of an artificial stone when the 
natural one is so common that the cost of the two would be practically 
identical. 
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Taking these two points in conjunction, ami confining our atten- 
tion foi the moment to the transpaieiit stones as sumniai i/ud m 
Table III, the diamond appears to olTei the most promising field for 
attack and corundum comes next, and we find that the main attempts 
at artificial production center lound these species From the point 
of view of composition alone, quaitz is the most simple, but it is so 
common in nature as to render its artificial production scaicely woith 
while. The aluminate group offem some attraction, but the aitilicial 
production of crystaUine silicates on a laige scale is a veiy difficult 
pioblem, and, with the exception of the emerald, the stones com- 
pnsed 111 this group aie so freely distributed ni nature as to lender 
their artificial production a mattei of academic lathei than industiuii 
interest 

It is unnecessary to discuss at any length the artificial production 
of the diamond^ — the problem has been attacked by nuineious 
scientists, and was solved by Moissan some years ago Some 15 
years ago, on the occasion of a visit to Pans, I had the privilege of 
witnessmg the production of his diamonds, prepared, as all the 
world knows, by saturatmg iron with carbon at the temperature 
of the electric arc and plungmg the molten mass into cold water 
The mass of iron is then dissolved m acid and the lesidue subjected 
to a laborious process of extraction, the diamonds bemg picked out 
by aid of the microscope The largest diamond that has been pro- 
duced m this way is barely visible to the naked eye, however, and 
when I say that the problem of their production has been solved, 
I mean from the scientific pomt of view 

The artificial production of the diamond is, in fact, far more com- 
pheated than it appears at first sight If it were only a matter of 
obtaining the necessary high temperature to fuse the caibon to obtam 
it in the crystallme condition it would be simple — such high tempera- 
tures are readily obtamed nowadays by means of the electric furnace 
and the oxy-acetylene flame — but carbon is one of those substances 
which pass direct from the solid to the gaseous state under ordmary 
atmospheric conditions, and only assumes the liquid condition 
under enormous pressure The combination of high tempeiature 
and enormous pressure can be obtamed momentarily by Moissan's 
mgemous process, but to obtam crystals of any size it is necessary to 
conduct the operation on a very large scale and to mamtam the com- 
bined temperature and pressure for a sufficient length of time to 
allow the liquid carbon to separate out from its matrix; moreover, 
the entire opeiation must be conducted out of contact with am, for 
carbon rapidly combmes with oxygen at high temperatures, 

1 A complete aocotmt is given in by Sir William Crookes (Harper’s Library ol living 

Thought). 
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Commercially, we are as far from bemg able to produce artificial 
diamonds as in tbe days of the alchemists It is, perhaps, a bold 
thing to say that no such thmg as an artificial diamond will ever be 
placed on the market, but one can safely asseit that so far as our 
knowledge stands at present it is impracticable In saying this, I 
am quite awaie that statements as to the commercial production 
of synthetic diamonds bemg an accomplished fact have quite recently 
appeared broadcast m the public pi ess, but those who are responsible 
for such statements are, shall we say, under a misapprehension as to 
the meaning generally conveyed by the term synthetic/' and are 
unable to follow the distmction I have di'awn between an artificial 
gem and an imitation 

To pass on to coiundum, the problem of its artificial production is 
very much simplified by the fact that its composition is oxide of 
alummium, and alumina — which is, therefore, its amorphous equiv- 
alent — fuses to a liquid under ordmary atmospheiic pressure at a 
temperature somewhere about 2,000*^ C (the exact pomt has not as 
yet been detei mined), and bemg the only stable oxide of a strongly 
basic metal, it can be heated in an %vithout any change 

The chief pioblem to be faced, therefore, is that of attammg the 
necessary temperatuie, and it is not surprismg that crystaUme 
alumma W’as produced as a scientific curiosity as far back as the 
commencement of the nineteenth centuiy. It is at this tune that we 
first begm to hear of the oxy-hydiugen blowpipe (or the gas blow- 
pipe as it was then called), and m a book published in 1819,^ deserxb- 
mg various experiments with this new apparatus, we read that 
'Hwo rubies were placed upon charcoal and exposed to the flame 
of the gas blowpipe * ^ after suffermg it to become cold 

* * * the two rubies were melted mto one bead This hmt 
does not appear to have been followed up for some considerable tnne, 
however, and the earlier experimenters in the production of artificial 
gems worked m another dhection, they were unable to obtam 
products of commercial utility, because although they succeeded 
in obtammg crystaUme alumma, it was produced under conditions 
which resulted m the formation of a mass of small crystals, almost 
microscopic m size Moreover, the form of these crystals was that 
of the hexagonal plate which is the fundamental form of corundum, 
and such a form would be useless for cuttmg even when of consider- 
able area, owmg to its thmness Thus Gaudin, who appears to have 
been one of the first to attain any success in this direction, obtamed 
a mass of such crystals by fusmg alum and potassium sulphate in a 
closed crucible Ebelman obtamed similar results by fusmg alumma 
with borax, and later Devfile and Caron used aluminum fluoride 
and boric acid. All these attempts yielded similar results, as in each 


1 The Gas Blowpipe, "by Dr E D Clarke 
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case fusion was obtamed by the aid of a substance inciting at a 
lower temperatuie which acted as a solvent Consequently the 
alumina crystallized out m much the same manner as a salt crystallizes 
from a saturated solution, and to obiam sufFiciently large ciystals 
to be of practical use it would be necessary to conduct the experiment 
on a very laige scale, and subject the fused mass to vciy slow and 
carefully regulated cooling 

In 1877 Fremy and Fed attempted to get ovei tins dililculty by 
usmg lead oxide as the flux and empknnng a crucible composed of 
highly acid clay On heatmg up the mixture m such a crucible the 
lead oxide melts and combmes with the alumina to foim lead alum- 
mate, and on further heatmg this reacts with the silica of the fiie 
clay, foimmg load silicate and setting fiee the alumina, which civs- 
tallizes out. But although very much larger crystals weie obtamed 
bv this ingenious pioccss, they had the same foim and wxre too thm 
for mdustiial employment ^ 

Some time eailiei than tins, however, we hear of the oxy-hydrogen 
blowpipe again, for Gaudm had noticed (as Clarke did m IS 19) that 
by introducing alumma into the flame of an oxy-hydiogen blowpipe 
he could obtain globules of fused alumina simdar to the borax beads 
one makes in the ordinary blowpipe Gaudm appears to have taken 
it for granted that these beads were amorphous — ^that is, an alumma 
glass — and it was not realized until many yeQ>Ys later that they were 
really identical m all their propeities with natural ciystallme corun- 
dum When this was realized, the commercial production of coinm- 
dum became only a matter of detail 

Having obtamed this further pomt, the idea immediately suggests 
itself of convertmg ^rnall and useless stones into valuable gems by 
fusing them togethei mto one, and, as a matter of fact, “leconstructed 
rubies^’ — as stones produced by tins method are now generally 
called — ^made m this mannei were the first artificial gems to be pre- 
pared on a commercial scale These were mtroduced some quarter 
of a century ago under the name of “Geneva rubies,’’ and were offered 
as, and realized the price of, natural stones, until the method of their 
production became apparent 

It wiH, of course, be well understood that the experiments I have 
briefly indicated toward the artificial production of corundum had 
as their immediate objective the formation of ruby, that being by 
far the most valuable variety. It had long been Imown that the color 
of the ruby was due to a trace of chromium, and by adding a small 
proportion of potassium or ammonium chromate to their mixture 
Fremy and Fed reproduced accurately the color of the luby m their 
crystaflme flakes. 


1 Tor a full account of tlio historj'’ of tliese earlier attempts, see La Syuth^e du Bubis, by F Fremy, 1891 
38734°— SM 1911 15 
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Tlio process of pioducmg icconstructed rubies by means of the 
oxy-hydiogeu blowpipe is^ roughly; as follows The residue from 
cutting rubies and small worthless stones is broken into coarse sand, 
a small quantity of which is placed on the center of a disk of platinum ; 
this is then carefully brought to the fusion point, care being taken 
at this stage not to raise the temperature to such an extent as to 
melt the platinum support. As soon as this mass is fused it seryes 
to protect the platmum, and the reconstructed ruby can be built 
up on it by addmg the fragments of ruby one at a time by means of 
small platmum forceps These pieces haye to be diopped on with 
great care m oider to secure incorporation with the mass and pre- 
vent as far as possible the formation of an bubbles It vdll bo icadily 
understood that tins process is a tedious and labonous one, and, in 
fact, the foimation of masses of sufhcient size to yield large stones 
on cutting is a matter of such difficulty that the cost of production 
is very high. 

Just about scyen years ago, however, Verncud^ overcame this 
restriction when he hit on the extremely ingenious idea of intro- 
duemg the raw material through the blowpipe, and thus placing 
it on the support automatically The diagram (pi 2, fig 1) shows 
the principle of his apparatus The blowpipe is ai ranged vertically 
over a small insulated chamber contaming the support on which the 
mass is to be built up The oxygen tube commuiucates at its upper 
extromity with a funnel-shaped hopper, m which is suspended a 
small sieve filled with the raw matenal, which is rhythmically shaken 
by means of a small hammer actuated by an electromagnet or cam 
Each time the hammer taps the support of the sieve, causing it to 
vibrate, a small quantity of the powder falls through mto the tube 
below’*, and, earned along by the gas, passes out at its lower extremity 
into the zone of flame, where it is immediately raised to the fusion 
point, and falls as a melted globule on to the suppoit below 

As seen m the diagram, this support is arianged with a screw 
adjustment, so that as the mass of corundum is gradually built up 
by the constant addition of fresh globules the surface can be kept 
at a constant level, and the portion already formed lemoved from 
the zone of heating so as to allow it to stiffen. When the apparatus 
is first started the blowpipe is adjusted so as to give a coinpaiativcly 
cool flame, and the powder is admitted slowly By this means a 
small ' stalk** is formed, which insulates the mass fiom the support 
and prevents the fusion of the latter When this has been formed 
the full pressure of the blowpipe is put on and the rate of admission 
increased, with the consequent formation of a ^‘boule/* as it is 
tenned, having the shape of a pear, as illustrated in plate 2, figure 2. 


I “ M^molrfi sur la reprodcctioa artiftcielle da rubia par fusion/* M A Vemeull, Annales de Chime et de 
September, 1904. 
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Witk tins apparatus a boule weighing some 20 to 30 caiats, and 
capablo of yielding two cut stones of about 6 carats each, can be 
prepared in about half an hour almost automatically; a smgle operator 
being able to control several machines The boules, on coohng, very 
often split in half m the direction of their growth; as m the lower 
example seen m figuio 2, and this is a convenience lather than other- 
wise; as the resulting shape can be cut to greater advantage 

In the first instance reconstructed rubies were made in this way 
after the manner introduced by Gaudin, the material fed mto the 
blowpipe being pulverized rubies and chipS; and this method is still 
employed by some workers But nioie commonly nowadays the 
corundum is produced direct from amorphous alumina by using 
pure ammomum alum as the raw material On reaching the flame this 
decomposes, the ammonia and sulphuric acid volatilizing, leaving the 
alumina Stones made by this process are generally known as ''syn- 
thetic,^^ as distmct from "reconstructed,” although, of course, to be 
pedantic, the process is one of decomposition rather than synthesis. 

The "synthetic” corimdum produced in this way, if pure ammo- 
mum alum IS used, is of course colorless, and can be used as artificial 
white sapphire If a small proportion of chrome alum is added, the 
resultmg stones are rubies, and other colors may be produced in the 
same way For a long time aU attempts to reproduce the fine blue 
of the sapphire failed, because following the apparent analogy of 
silicates, cobalt was invariably employed as the colonng agent This, 
however, does not readily form an aluminate m the same way that it 
does a silicate, and, in consequence, it is impossible to produce a satis- 
factory coloration in the corundum by its means, it is possible to get 
the cobalt in a state of combination by addmg a large proportion of 
magnesia to the alumina, but then the productformedisnotaciystalline 
alumina but magnesium aluminate, and its properties are fundamen- 
tally different Its refractive index is lower, its refraction single, and its 
hardness lower In fact, the result is blue spmel instead Of sapphire. 
Moreover, such blue stones have the characteristic absorptioiL of 
cobalt, and appear purple in a light that does not contain a largo 
proportion of blue rays 

In 1908 Paris attempted to avoid this latter difficulty by preparing 
a calcium aluminate colored with cobalt, as it is found that m this 
case the transmission of the red rays is less pronounced. But tM 
calcium aluminate so formed is not crystalline at all, but amorphous, 
A year or so ago, however, the problem of producing synthetic sap- 
phire was finally solved by the use of titanium oxide, a very unex- 
pec ted resul L, considering the chemical position of tins element With 
tins last advance the artificial production of the corundum gem stone 
may be considered to be completely solved, and cut stones can now 
be obtained m every vanefcy of color, from pure white to ruby and sap- 



pliire, at prices langing from 4 to 10 shillings a caiat, according to 
color, quality, and size 

Whateyer may be their economic importance, a very much debated 
question, there can be no doubt as to the scientific interest of this 
group of artificial g6nis. In the first place it is a matter of some 
interest that a mass of fused material foimed m tins way slmuld not 
only be crystalhne but possess all the charactenstics of a smgle 
crj'stal Crystallographers are agreed that each boule is a smgle 
crystallmo individual, vnth the axis louglily perpendicular to the 
plane of formation, that is to say, running from the pomt of attach- 
ment of the pedestal to the top of the mass On the top of the boule 
one invariably finds a mass of symmotncalty arranged facets, which 
Dr Herbert vSmitli has found to coiiespond vith the fundamental 
rhomboheclron of corundum Judgmg by analogy vath other mate- 
rials, one would expect at first sight that a fused mass formed in this 
way would be either a heterogeneous mass of minute crystals or 
entirely amorjihous, possessing the structure characteristic of glass. 
It IS veil kno^\n, for example, that under similar conditions pure 
sihca jiolds '^quartz glass,” which is extensively manufactured at 
the present time One is tempted to dwell upon tins point, and chscuss 
its beaimg on such matters as the devitniication of glass, but it would 
be entirely out of place to do so m the piesent paper 

Then, again, tliere is the matter of coloration One would like 
very much to know what is the state of combmation of the clnomium 
in a ruby, and whether the color is pioduced by clnomium alummate 
in solution or metalhc chromium m molecular suspension In glass, 
as IS now W'ell established, this color is produced by the optical effect 
of ultraimcroscopic spheres of metallic gold or copper, but there 
seems to be no parallel between the two cases 

A pomt of more practical interest is the fact that although the 
artificial corundum is a true crystal it possesses the shape and forma- 
tion of a congealed liquid or glass The practical interest of tins hes 
in the fact that it affords the only means of distinction betw^een this 
artificial coiundiim and the naturally formed gemstone Being of 
exactly the same composition and ciystallme stiucture as the natural 
mmeral, it can not be identified by any of the physical tests I briefly 
referred to above For aU piactical purposes the aitificial ruby is a 
ruby, and one can only deny that it is a '^genume ruby” if tins word 
IS held to connote essentially a product found in the earth and not 
made by man. 

And yet, oi\nng to the curious anomaly of its structure, the artificial 
product can almost mvanably be distmgmshed from the natural 
wnth the greatest ease In the naturally formed stone any foreign 
matter which may be present is coerced into following the lines 
of growth of the crystal, and more pai'ticularly bubbles of gas which 
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may be present in the liquid are distorted from tlicir natural shape so 
as to accoid with this symmetrical growth It is the gieat exception 
to find a natural ruby entirely free from such inclusions, -vvliich 
geneially form irregular cavities with a decided tendency to geonietii- 
cal shape 

It IS voiy common also to find the structure teclinicallv known as 
^^silk” caused micioscopic bubbles draivn out into a senes of 
paiallel canals, all l^ing m one plane Any variation of color in dif- 
ferent portions of the stone also follows the lines of giowdh in this 
manner (pi 2, fig 3, pi 3, fig 1) 

In the artificially produced corundum, on the other hand, although 
the particles anange themselves symmetrically, any air hubbies that 
are entangled m tlie successive globules remain undisturbed, and 
appear as natuially sphencal bubbles m the finished product, and, 
moreover, if one globule difiers slightly from another in the proportion 
of chromium, the resultmg difference in color folla%vs the form of the 
mass as a whole, the zones of color being circular (pi 3, fig 2) 

As some of the air entangled between the fine particles fed mto the 
blo^vpipe almost invanably fails to make its escape dunng the brief 
fusion, the presence and form of the bubbles is in this w^ay sufficient 
to identify the artificial process of formation 

In the great majonty of cases examination of the cut stone wutli a 
lens IS sufficient to decide the point, but m doubtful cases a more 
minute examination may bo made by placing the stone m a htlle cell 
filled with highly refracting liquid, in order to secure regular illumi- 
nation, and exammmg it under the microscope by transimtted light, 
when the minutest tiace of structure can be detected (pi 3, fig 3). 
In the case of an absolutely flawless stone it w^ould bo impossible to 
decide whether it were natural or ai'tificial, but such stones aie so 
rare that this case is almost theoretical. 

It IS claimed in some quarters, it is true, that experts'^ can 
invanably distmguish the artificial product merely by reference to 
the color, which is said never to he exactly the same as that of the 
natural stone, much as this latter varies. Personally, however, I am 
rather skeptical on this point, as one kno’ws that experts claim m a 
similar manner to distingmsh between one species of natural gem 
stone and another by color alone, and their results are not always m 
accordance wuth scientofic tests. At any rate such dexterity can only 
be acquiied by a lifetime of specialized experience 

As I have abeady mdicated, spmels may be pioduced artificially 
by the same process as conindum, adding the necessary magnesia to 
the alumina, and the same lemarks apply to the pioduction and 
identification of this species as to corundum, the artificial <=tonr bcimr 
identical with the natural in all respects except those to wluch I In-ve 
just referred. 
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As regards the lemammg transparent gem stones, which fall into 
a group by reason of the fact that they contam silica as an essential 
component, their artificial production is of little impoitance They 
can not be produced by the same process as corundum, owing to the 
fact, ulieady alluded to, that under such conditions both pure sihca 
and compound silicates yield an amoiphous product, which has not 
the optical propeities of the natural stone One is constrained, for 
the artificial production of the ciystallme mateiial, to fall back upon 
methods sumlar to those employed m the earlier attempts to obtain 
ruby — obtaining the leqmsite composition by chemical reaction and 
maxntainmg tlie mass at a tempeiatuie just above its fusion pomt for 
a sufficient time to allow the sfiicate to ciystalhzo out 

Topaz, garnets, and ziicon have been produced in this way expeii- 
mentally as a matter of scientific interest, but the small stones pro- 
duced have no commercial value, and to describe their production 
m detad would only weary you to no purpose The majority of these 
stones are of such common occurrence m nature, and consequently of 
such little value, that then artificial production in this manner is not 
a commercial proposition 

An exception, however, must be made m the case of emerald, 
which ranks next in value to corundum, and many attempts have 
been made to produce it artificially Keconstructed emeralds have 
been made by the Vemeuil process, but these are, of course, amor- 
phous, and do not possess the double refraction and other properties 
consequent upon the crystalline structure of the natural stone The 
problem of producmg this stone artificially has not as yet been 
solved in fact. I am quite aware m saying this that recent news- 
paper reports lead one to believe otherwise, but, as in the case of the 
diamond, such reports indicate either remarkable foresight on the 
part of the wiiters or show that their imagination is developed at the 
expense of their poweis of accurate observation 

There remain now to be considered those precious stones which are 
opaque, and owe then beauty entirely to color and structure 

Turquoise is a stone formed under conditions which aie easy to 
reproduce, and its artificial pioduction was successfully accomplished, 
many years ago, by precipitating hydrated phosphate of aluminium 
with the requisite propoition of copper phosphate to give it the color 
• and subjecting the precipitate whilst stdl damp to hydrauhc pressuie 
for a considerable time. Prepared in this way the artificial turquoise 
is so nearly identical with the natural that its identification is a 
matter of considerable difficulty There is, however, generally, a 
s%ht difference in the specific gravity, hardness, and index of refrac- 
tion (when this can be measured), which will serve to distinguish it 
on careful examination. The only point in which ihere is any 
decided difference between the two is the behavior on heating, but 
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as tins involves the destruction of the stone it can not be offered as a 
piactical test 

Opal consists essentially of wliat is known as colloid silica, that is, 
sihca m the amorphous state and combmed with water The play 
of color one associates with it is entirely an optical effect, due to an 
accidental structure of the stone, which is permeated by a number of 
minute fissuies between which a thm film of air penetrates, the 
extieme tliinness of this film causing the optical effect Iviiowm as 
interfeicnce If a piece of opal is powdeied it is no longer coloied, 
as would be the case with a ruby oi sapphiie, but yields a dirty whito 
powdei, and generally a specimen of opal, as found, only shows the 
structure in parts, the lemamder bemg dull and lusterless like flint 

This pecuhar structure is, moreover, by no means confined to opal, 
but may occiu in any mmeral deposited under smiilai conditions In 
the mineial loiowii as Inmachello, or fire maible, for example, the 
same effect is seen m a hmestone But opal is the only mmeral which 
combmes this structure with sufficient durability for use as a gem 
stone, and in this connection it shoidd be remembered that, as a 
matter of fact, it only just possesses sufficient hardness for this pur- 
pose, and IS one of the softest and least durable of all the precious 
stones This fact, combmed mth the fragility consequent upon its 
structure, has involved the opal m a mass of superstition and romance 
from time immemorial 

Although it has this unfortunate drawback, opal is, at any rate 
in my estimation, the most beautiful of the precious stones, and when 
one appreciates the reason of its beauty it will be readily understood 
that its aitificial production, oi even successful imitation, presents 
almost insuperable difiiculties 

It is true that a somewhat similar play of color can be impai'ted 
to glass by rendeimg it translucent by a slight addition of arsenic or 
tm in the malong, and by etchmg the surface m yaiious ways, anc 
such iridescent glasses are often found naturally as the result of 
decomposition, but this is merely a surface effect, and such speci- 
mens can not be cut to advantage, moreover, they lack the beauty 
caused by the fire permeating the entire substance of the gem Tlio 
opal ranks with the diamond, therefore, m resisting attempts at 
artificial pioduction, and is even superior to it in that il can not be 
really surces'tjfullv imitated 

I coiuo finally to the pearL This, of course, differs from all other 
precious stones m bemg entirely of organic ongm The peculiar 
luster of the pearl, like the color of the opal, is due rather to its 
structure than its composition. It is formed in the oyster by the 
deposition of successive layers of calcium carbonate round some 
central object, and consists of an iimumerable number of than over- 
lapping laminse of the crystalline vfaicty of tins substance known as 
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aragonite These layers being semitransparent, the light falling on 
the siH'face is partially reflected from the surface and partially trans- 
mitted into the stone, where it suffers reflection from the smface of 
lowei laycrb (pi 3, fig d) 

To produce this complicated structure artificially is piactically 
impossible, luiless one can describe as an artificial peail that formed 
by the oyster in i espouse to the deliberate mtioduction of irritant 
foicign mattoi by human agency But in this case who shall decide 
where nature ends and human ingenuity begins ^ Perhaps the well- 
Icnown Japanese pearl may be correctly desciibed as artificial pearl, 
although the oystei has a great deal to do with it 

Such peails are formed by introducing a piece of mother-of-pearl 
in the shape of a hemisphere between the shell and mantle of the 
oyster and then leaving the oyster alone for a time to allow it to 
convert this into a pearl by the deposition of several layers of nacre. 
The mass is then removed fiom the shell and conveited into the 
semblance of a true pearl by supplying a back of mother-of-pearl 
Such pearls, however, never have the fine orient of those produced 
under noimal conditions, and they can readily be detected by exam- 
ming the back, when the lusterless mother-of-pearl and the hne of 
junction, can be detected 

Of course, wonderful imitations of pearl are made in vaiious ways, 
which are diflaoult to distmguish from the natural article by casual 
exammation One method of preparation is as follows. Small hollow 
spheres are blo%vn m opalescent glass, coated mside with a prepara- 
tion of fish scales, and then filled up solid -with wax Such imita- 
tions are identified by examination of the hole or by putting a spot 
of mk on the surface, when the reflection from the mner surface of 
the glass is seen These empirical tests are usually sufllcicnt, and it 
IS rarely necessary to resort to testmg the specific gravity and bald- 
ness, ivhich provide further means of identification It is worthy 
of note, however, that such imitation pearls are umque amongst 
imitation gems in that, in some respects, they are actually supenor 
to the natural article They are considerably harder, for mstance, 
and their luster is not affected by constant wear 

In conclusion, I would like to refer very briefly to the present 
position of gems from the economic point of view It is, perhaps, 
natural that the considerable influx of artificial gems m recent years, 
more particularly of the corundum species, has led to a great deal 
of controversy and difference of opimon as regards their merits On 
the one hand the vendois of the artificial stones often publish ex- 
travagant statements as to their defymg identification, which, as I 
have shown you, is all nonsense. On the other hand, those interested 
in maintaining the prestige of the natural article make equally un- 
reasonable statements, to the effect that such artificial productions, 
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to quote a iccently published circular, ‘‘arc as worthless as the 
jeweli j from a Cluistmas cracker I have, I hope, cleaily shown 
you the immense dilleiencc that exists between the mutation and 
the aitificial ruby, taking an example, the former, it is true, depre- 
ciates lapidly m use and deserves such a description, but the latter 
has absolutely all the essential qualities of the natural stone, and to 
place the two on the same plane as 'woitliless trash is imfaii to modern 
science and ingenuity It must be cleaily understood that there is 
no essential difference discernible between natui‘al and ailificial ruby 
as regards then beauty and their durability, which, as w^e have seen, 
are the two great items m the intrinsic value of a stone But, of 
course, the price of a stone is chiefly detei mined by that thud factor, 
which I have not so far taken into account — ^namely, rarity Per- 
sonally I must confess that I have nevei been able to see why one 
should value a thing foi no other reason than that it is difffcult to 
get, although I suppose hero I am m a hopeless minoiity and that it 
is and always will be human natm'e to take this view 

It would serve no useful purpose to enter into that fruitful subject 
of controversy, the price of an article due to extrinsic causes, but I 
may say this-^rthat whilst to me personally one is as good as the 
other, if any man is prepaied to pay £100 foi a natural stone when 
ho can obtain essentially the same thing, artificially produced, for 
£5, he IS absolutely entitled to get it, and I would not wish you to 
timik that I would defend foz a moment the man who iittempted to 
supply aitificial as natuial But if this is so,^it is still more the case 
that nobody has any light to supply anyone with paste under the 
name of aitificial (oi synthetic, or scientific, if these names are pre- 
ferred) gem I do think that the distmction between the two should 
be clearly recognized and that it should not be pei nutted to use the 
term artificial inchscnmmatel}" At present this is bemg widely 
practiced; every day one sees offered for sale ‘‘rubies, emeralds, 
sapphires, and pearls artificially produced and having all the pioper- 
ties of the natural stone ” Now, as I have indicated, such a thing 
as an artificial emerald answering this description is unloiown and, 
as a matter of fact, the stones supplied undei this title are, as a rule, 
nothmg more nor less than paste mutations, the public being delib- 
erately led to believe otherwise There is m this case, as I have 
mdxcated, a real practical dilference between the two articles, not 
merely a question of opimon 

Agam, one must deprecate the custom that has sprung up of 
argmiig that, because ‘ ‘ a rose by any other name will smell as sweet, 
a “scientific^' stone will be as good by any other name than its right 
one When synthetic j^cllow sapphire is called “scientific topaz'' 
perhaps no serious fraud is pei petrated, although it is imsleadmg, 
but when artificial white sapphiie is openly and dehbeiately sold at 
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a fancy pnce as ‘'syntlietic diamond/^ witli the support of the press, 
I for one consider that mattei's aie going too far^ and that this is 
being done at the present moment anyone can verify for himself 
All those misieprosentations may bung wealth to individuals, but 
they tend to bung into disioputo the aitificially produced stone, and 
mstcad of allowing it a place of its own as a distinct achievement^ 
cause it to be looked upon as a spuiious make-believe 
Howevei, I did not come here for the purpose of discussmg this 
aspect, and I will not dwell upon it furthei I have, as far as pos- 
sible, given you a resume of the whole subject and I will detain you 
no loiigei, except, if I may add one more word, to acknowledge the 
fact that my abihty to bring tlus papei befoie you is very largely 
due to the assistance I have leceived in many quaiters, and more 
particulaily from Mr E Hopkins, whose enthusiasm on the subject 
of the technolog}’' of precious stones is only exceeded by his knowl- 
edge and experience I am indebted to him, not only for much 
advice and infoi mation, but also foi the loan of the specimens from 
winch I have piepared the illustiations to this paper. 



THE STERILIZATION OF DRINKING WATER BY ULTRA- 
\HOLET RADIATIONS ‘ 


Dp Jules Courmont, 

Professo) of IJyguiu ui the Faculty of Mcdmne of Lyon 


That solar light is capable of killing bacteria has been recognized 
by Downes and Blunt, S .Irloing, Duclaux, and others This action 
IS due to the 111 ti a- violet portion of sunlight, that is, to the waves of very 
small length, which aie manifested by their chemical action rather 
than their power of prodiicmg heat Solar light, however, is rather 
poor m ultra-violet rays, for they are to a great extent absorbed 
by our atmospheie Indeed their veiy limited bacteucidal power 
IS scarcely comparable with the very great power possessed by the 
untra-violet radiation given out by some artificial light sources, 
notably by the mercury-vapor lamp, whose contammg tube is made 
of quartz Only such sources as the latter are of practical applica- 
tion to the stei’ilization of notable water 

THE ULTRA-VIOLET RALUATION — THE QU.iRTZ MERCURY- YAPOR LAMP. 

A few geneial data will be first stated The wave lengths (A) of 
flight rays are geneially measured in units which have leccived the 
designation of Angstroms (A units) The Angstrom unit is equal 
to 0 0000000001 metei The followmg table gives the wave lengths 
of a few diffeient places m the spectrum: 


Spectrum of the Welsbach light A tmits 

Limit of the mfra-red , 600 000 

Solar spectrum 

Limit of the mfra-red . . . 300 000 

Limit of the visible red. . 7 610 

Limit of the visible violet . . 3 970 

Limit of the ultra-violet ... . 2 950 

Upperhmitof the very bactericidal ultfa-\iolet. . . 2.800 

Metallic spectra 

Inferior limit of the mercury Bpectrum. ... , 2 225 

Limit of the metallic ultra-violet . 1 200 

Ordinary gas spectra 

Limit of the extreme ultra-violet. . 1, 030 


1 Translated by permission from Revue gCmrale des Sciences pnres et appliquecs, Paris, April 30, 1911, 
pp 332-33S. 
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'Ultra-Violet ladiations of solar origin of wave length smaller than 
2 9oOA aie absorbed by tho atmosplicie and do not reach ns There- 
fore m order to obtain light wlhcli is truly bactericidal (of wave 
length less than 2 SOOA ) we must have recoiuse to artificial soxii’ccs 
Tho quaitz morcuiy-vapoi lamp is the most powerful among these 
liittoi Luminescent mercury vapor is very rich in ultra-violet 
light Its ultra-violet spectium reaches from A == 3 650A toA=2 225A 
Quaitz IS tianspaient to all light of greater wave length than 1 SOOA,, 
and theiefoie to all of the lays of tho spectium given out by lumi- 
nous mercury vapor Smee the ultra-violet lays of smaller wave 
length than A = 2 SOOA aie especially bacteiicidal, those between 
2 SOOA and 2 225A lender the quaitz meicury-vapor lamp very 
nocuous to all livmg ccUs, dangerous to anyone handlmg it vnthout 
precaution, as well as useful in the destruction of microbes 

The quartz mercuiy-vapor lamp is fed by a continuous current 
It must be protected by suitable cooling devices With proper pre- 
cautions theoretically it voU last mdefinitely, practically a veiy long 
time. Tho running of the lamp is very easily regulated either by a 
‘^sentinel” lamp in the same circuit with the mercury lamp or by 
simply noting the luminous state of the lamp itself The lamp is 
most readily lit by rocking it As soon as a small thread of mercury 
connects tho two poles, a cunent of electricity is established and the 
lamp becomes luminous The lamp is then turned to its usual posi- 
tion, the thread of mercuiy broken, but the current contmues to pass 
by means of tho lummous vapors from the mercury 

THE STERILIZATION OP DRINKING WATER BY MEANS OP THE QUARTZ 
MERCURY-VAPOR LAMP 

The most practical application of the bactericidal power of the 
ultra-violet radiation from the quartz mercuiy- vapor lamp is for the 
sterilization of diinkmg water 

The difficulties met in the sterilizaiion of dimkuig water are well 
known Innumerable are the processes of ffltiation or of chemical 
or physical purification which have been advocated and apphed 
Some are of little value, others are effective but costly and requirmg 
too extensive areas of land and too much manipulation. For a long 
while a method has been sought which is not only simple and eco- 
nomical, but also absolute m its efficacy for the sterilization of drmk- 
ing water under such conditions as occur in the great majority of 
cases where water is collected for a city’s use 
Just such a simple, sure, and economical process has been devised 
by M Nogier and myself.^ This process makes use of the bac- 


J 3* Gourmont et Th. Nogier, Sur la st^SriUsatiou <ie V eau potable an moyen d© la lajnpo en quarts k 
vapeur do mercuro C B Aoad des Scleaeea, 22 fevrier 1009 
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tericidal properties of the ultra-violet rays from the quarts inorcury- 
vapor lamp ' 

Let us state our melhod of proccduro. At fii st wo used the classical 
lamp of Kromayei A metallic tube, piovided with sevoial test 
holes, and closed at one end by a quait>5 mndow (fig 1), was placed 
face to face with a Kromayei lamp The tube, filled with polluted 
water, was thus subjected to the radiation from the lamp for various 
lengths of time Samples of the watei were taken fxom each tost 
hole by means of sterilized pipettes. Pieliminary tests sliowed us 
that the watei was veiy lapidly sterilized to about 0 30 meters fiom 
the lamp Water was theiefore permeable to the bacteucidal lays 
from the lamp, and especially to those which killed very lapidly the 
microbes contained in the watei The most impoitant fact for our 
purpose was therefozo established 

We next had constiucted some haig lumps (0 15 to 0 30 meters) of 
the form shown m figuio 2 These lamps were hung m the axis of a 
metallic cylmdiical box, about 1.20 meters m diameter, and holdmg 
110 liters (fig 2) This box could be filled through an orifice m the 



top, a cock was piovidcd at the bottom Thiough a largo glass wm- 
dow could be safely noted wbat happened withm The box was 
mounted on a pivot, so that it could be tilted for lightmg the lamp 
When wo would experiment with tliin layers of liquid, a glass basm 
could be mtroduced thiough the window and placed under the lamp. 

Finally, a single lamp was placed m the axis of a portion of a tube, 
0 60 meter in diameter, so that the walls of the latter were nowhere 
farther than 0,30 meter fiom the luminous source In fact, the dis- 
tance could have been made much greater, we were convmced of that 
later. 

With this metal box we have made a great number of experiments, 
which enabljp us to affirm the rapid and complete sterilization of 
water, no matter how polluted, provided only that it be transparent. 
Later my collaborator, Th Nogier, constructed a set of appaiatus 
for the apphcation of our discoveiy. 

The problem of the sterilization of potable water in private houses 
and in small public establishments (hotels, banacks, hospitals, etc.) 
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ib boWed tlirough the use of such apparatus as we have described 
using ultra-violet radiations That of the sterilization of veiy great 
quantities of water, as in the case of a city^s supply, is now under study 
but veiy neai solution by the same means 

CAN ALL LIQUIDS BE STERILIZED BY THE UI.TRA-VIOLET RAYS^ 

To this question I must answei, No With Th. Nogier, I have 
shown that substances rich in colloidal matter (%vine, beer, cider, 
bouillon, peptonized solutions, etc ) absorb veiy rapidly the ultra- 
Auolet radiation ^ This i adiation will penetrate only a few millimeters 
or fractions of a millimeter of such liquids, which therefore aie not 
sterihzed. Even in the case of the most limpid beer, the clearest 



Fig 2 —Vessel folding 115 liters for eTperiraents on tliQ stenlization of -svator 


white wme, a peptonized solution as transparent as water, sterihza- 
tion does not result Indeed, such liquids may be steiihzed m the 
laboratory either by exposmg them m very thin layeis or by stirring 
them so that every portion comes m contact with the lamp. The 
practical lesults of such methods are negligible, such stenhzation 
would be too costly 

The water for our method must be clear, a muddy water would 
not be sterilized. It would have to be filtered before "^nteimg our 
apparatus. 

And so clear water is practically the only known liquid permeable 
to the ultra-violet radiation and easily sterilized by it 


1 3 Cnunnont ot Th Nogier, Sur la faiblo p^nfitration des rayons ultra-violets travers les liquids coats' 
uantdes substances colloides Ac des Sciences, 2 aoat 1909 
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EXPERIMENTS SHOWING THE STERILIZING OF WATER BY THE ULTRA- 

VIOLET RADIATIONS 

The stenlizatioii of the water is complelp, no mattei how polluted 
it may have been, provided that it is still tianspaient to the iiltia- 
violet rays The ultra-violet rays can thoieforo absolutely fiee from 
germs watei far more polluted than is evoi the case vilh the natiiial 
water which m piactice lequires puiification 

The experiments by means of winch Th Nogiei and xnvsolf have 
shown that the stenlization is complete aie simple and may be 
summarized in a few words We have had built above om laboi atoiy 
a reservoir holding some 60 liters, filled with city watei, but into 
which \ve could introduce all the impuiities with winch we wTshed to 
experiment — colon bacilli, typhoid-fevei bacilli, solutions of fecal 
matter, etc It has often happened that the w'atoi contained up to 
1,000,000,000 colon bacilli pei cubic centimetei, wdiereas the most 
impme natural water raiely contains moio than 1,000. Our experi- 
mental conditions were therefore veiy exactmg, far moie so than 
would ever occur in practice 

The water from the reseiwmir passed either into our cvbndrical bos 
or into another piece of apparatus devised by Nogiei In the former 
(fig. 2) (135 volts, 4 to 9 amperes) the sterilization was complete in 
several seconds, a minute at the longest Indeed, the sterilization 
was practically almost immediately accoiiiphshed, but we wished an 
absolute sterilization, for instance, not a single colon bacillus in a 
liter of previously infec ted water This rcqmred sometimes a minute 
(at 0 30 meter from the lamp) 

The details of the apparatus designed by Nogier WTre somewhat 
different, the water flowed without stopping at the late of 400 to 500 
liters per hour (it could go as fast as 1,000 liters) but passed as a thin 
lavor about the lamp Such would be the conditions of daily use 
With Xogier’s apparatus sterihzation took place almost immediately 
and was complete The water, contaminated as above described, 
came out absolutely free from germs One could pollute a liter and 
more and not a single microbe colony would remain 

These truly surprising results were in all points accurate They 
have been verified by all those who, foUowrng our experiments, have 
taken up the study, jMiqueV Cernovodeanu and V. Ilenri,^ Vallet,® 
and others These conclusions ai e now well known. 

The followmg results were obtamed by Miquel who mvCvStigated 
this method foi the city of Pans Lika us, Mquel polluted artificially 
the water upon which he experimented (apparatus of fig. 3). In 
Tables I and II are given two of his tests using colon bacilli. 

1 Miquel Rapport au Pr^fet de la Seine, 1909 

* Cemo\ odeanu ©t V Henri, Etude de I'action dca rayons ultra-violets sur les microbes. Ao. des ScieEjees,^ 
3janvieri9io 

® Vallot Ac dcs Sciences, 7 mars 1910, 25 avril 1910 



T^ule I — Eiptnmcnt on the ^ta ilizaOQii of i^aLt poUuttd uUh B coli {Mxquel) 


Jal> 8, non 

Flo^v per 
hour, 
Not^iers 
apparatus 

Colon baeilh per liter — 

Before 

After 

j2l> 

Liters 

136 5 

145,000,000 

0 in 200 c c 

1 ()0 

136 5 

145,000,000 

0 in 200 c c 

1 1[) 

138 0 

145,000,000 1 

0 in 200 c c 

2 4t) 

136 8 

145,000,000 

0 in 200 c c 

Tot'^l and mean 

1 

135 1 

145,000,000 

0 m 800 e c 


iVftei having made these trials (we cite but two of them), Mi quel 
wished to put the apparatus to a far more difficult test, the destruction 
of the spores of the bacilli He polluted the water to be stenhzed 



^^with a far more resistant species of microbes than the colon baciUi 
and having veiy durable spores, i elated to if not identical with, the 
Tabli: II — Anothci eipenmmt on the 6tenh;:ation of vater polluted inth B coli 


Dec 30,1909 

Flow 

per 

hour 

Temperature of 
\vater— 

Ordinary bacilli 
ptr liter in 
ator— 

1 

! 

1 Colon bacilli per liter m 
water— 

Enter- 

ing 

Lea’^- 

Ing 

Before 

After 

Before 

After 


Lttm 

1 

o 





12U . 

ISO 0 

11 1 

12 1 


. 

55,200,000 

0 in 400 c 0 

1 30. 

ISO 0 

11 1 

12 X 



55,200,000 

0 m 400 c c 

2 30 . 

180 0 

11 1 

11 9 

3,595,000 

0 

65,200,000 

0 in 400 c C, 

3 30 

180 0 1 

11 2 

12 1 



65,200,000 

0 in 400 c c- 

5 30 . . , 

19S 0 { 

11 0 

12 0 



56,200,000 

0 in 400e 0 

Total and mean 

182 6 1 

11 1 

12 0 

3,595,000 

0 1 

1 

55,200,000 1 

1 

1 

0 in 2 liters 
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Bacillus mcsentencus ruhei y wliose lefiactory spores vnll resist the 
temperature of boiling water sustained for several houis ” lu Table 
III IS given a typical example of his lesults 


Tabie III — Sic) ihzatuw of vaia polluUd uith Bndlfi vu rntcimd 


t 

Dec W, W) 

1 low per 
hour 

ComniQU l»a( illi 
per liter in 
\\?tcr— 

Bacilli mnsenteriti per liter 
In v,atcr— 



Before 

After 

. 

Before 

After 

1 00 

1 10 

Likrs 

48 8 

78 0 

120 0 

, _ 

3,815,000 

0 

128,200,000 

76,900,000 

50,000,000 

0 m 400 e 0 

0 in 400 c c 

0 in 400 c c 

lot^l ami mom 

81 0 

3,815,000 

0 

85 (BhOOO 

0inl,2iM)c c 


Thus, with vater polluted mth 128,200,000 bacilli per liter and 
whose spores will lesist boiling for several hours, stenhzatioii is almost 
immediate (in the time necessary for the water to pass through, the 
apparatus at the mean rate of 81 liters per hour This experiment 
should be of special interest to surgeons 
Such are the results. Let me repeat my earhei conclusions, which 
have been but strengthened. The sterilizing power of the ultra- 
violet rays emitted by a quaitz mercury- vapor lamp immersed m 
watei', face to face with the miciobes contained in that water, is so 
great that the pioblem of the integial, rapid, and economical steril- 
ization of deal watei by tins procediiie may be consideied as solved^ 

MUST THE QUiRTZ MERCURY-VAPOR LAMP BE IMMERSED IX THE WATERS 

Should the lamp be immei'sed in the watei or meiely placed just 
above it ^ Immersion is certainly piefei able 
Naturally we tried an apparatus in which the mercury-vapor 
lamp was placed just above a thin sheet of water for sterilization. 
The water was stenhzed. However, practically and economically^ 
immersion is necessary. The reasons for tins are easily given 
The greatest reason is that the utilization of the sterilizing power 
of the lamp is infinitely more perfect when within the mass of water 
itself. The water is then in close contact with the source of the rays; 
ah of the rays emanating in aU diiections are used. A lamp conse- 
quently stenhzes a far gieatei volume of water when it is immemed 
than when merely placed close to the water — that is suieiy clear* 
Economically, therefore, immersion is very advantageous 
And yet further: Immersion seems necessary for the life of the 
lamp as an emitter of ultra-violet rays The quailz tube of such a 
lamp, working in the air, is warmed to some 700® or 800® 0* H. Bor- 
38734°— SM 1011 ^16 
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diex ^ lias shown, by means of his chromo-actinometer, that every 
quartz meicury-vapor lamp giadually loses its power of givmg out 
ultra-TioIet lays because of the increasing opaqueness of the quaitz 
tube At the end of a service of about 500 horn's, ho states, the 
lamp eimts only one-scvcnth of its original quota of these rays 
This defect is without lemedy and theiefoie decisive If his lesults 
aie leal, then immemion is necessary for cooling the lamp, so as to 
prevent this change 

Iinmeision, theiefoie, has these advantages, economy and long 
service 

It may be obiected that since the immersion cools the lamp, with a 
given current of electixcity there will be a smallei amount of ultia- 
violet rays emitted This would be expected in accordance with the 
results oi Eelchinsky (1906) However, a lamp thus cooled can be 
made to emit just as much ultra-violet ladiation as a warm lamp 
(new and unused, see the expenmeiits of H Boidier) if a greater cui- 
rent of electiicity is used The increased cost of this greater curient 
is piactically of small importance compared with the increased 
efficiency of the immersed lamp wheie aU the radiation is utilized 
That is, though an immemed lamp uses a greater amount of elec- 
tricity, it wiU steidize a fai greatei amount of watei 

To sum up The immersion of the lamp, economically consideied, 
is preferable. If the results of Bordier are confirmed, immersion will 
be the only method givmg a long hfc to the sterilmng powei of 
the lamps 

NATURE OP THE PROCESS OP STERILIZATION OP WATER BY THE ULTRA- 
VIOLET RADIATIONS. 

The ultra-violet lays kdl the miciobes m the water by a diiect 
bacteiicxdal action, and not indirectly by a chemical modification of 
the water. 

It might at first have been surmised that the steiilization was due 
to the production of ozone That is wholly untrue. With Th, 
Nogier and Eochaix,^ I have shown that dunng the tune required 
for stenhzation (only a few seconds or a minute) not even a trace of 
ozone was produced. If with a longer time it is pioduced, it would 
be after stenhzation had occurred and have nothing to do with the 
latter piocess. It would never occur in practice. The production 
of ozone is a sepaiate laboiatory piocess Moreover, sterilization 
will take place in the absence of oxygen. (Cemovodeanu and V. 
Henri) 

iR Borlier, Quantitomtoe des rayons ultra-vblets Archives El M^d^No 285, p 396 
Ojurmoat, Th. Nogier et BochaiK C B Ac des Sciences, 12 Jmllet 190^, 
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We hare obtained smnlai lesults as to oxygenated watei ^ Cei- 
tam inyestigators have thought that tins was pioduced and caused 
the stciilization and would itself render the ^atei dangeious for 
ahinentaiy use Such an explanation is false and the fear giound- 
less But a tiace of oxygenated watei \m\s foimed aftei several 
hours’ exposure to the lays There was nevei any oxygenated 
watei foimed during the shoit passage of the watei about the lamp 
necessaiy foi the steiilization 

CHEMICAL MOBIFICATIOX OF THE WATEK TEEATED WITH THE ULTRA- 

VIOLET RADIATION 

Chemically watei is veiy httle alteied the ultia-\iolet rays, 
ceitanily during the shoit time icquired foi the steiilization 

With Th Xogiei and Rochaix,^ I have shown that an exposuie of 
10 nmiutes (lamp immeised in a basin of watci only a few centimeters 
deep) hardly altered the chemical composition of the water The 
organic matter, ammonia, the nitntes, the mtiates, and other sub- 
stances dissolved, were almost always in the same pioportions at 
the end of 10 mmutes, they were not m the least transformed by 
the passage (several seconds) m an immemion appaiatus, a length 
of passage sufficient foi complete stenhzation 

We add that the taste and odor of the water aie not altered 

THE WATER THUS TREATED IS HARMLESS 

Although the chenucal composition of the water is not changed by 
the ultia-violet lays, the question as to its hariiolessness yet remains 
Is the water thus sterilized haimless? 

We have fed daily for a month dogs, rabbits, and guinea pigs with 
water from a Nogier apparatus Nothing in then general health, in 
their weight, or their temperature indicated the least ill effect. 

THE ACXIOK OF THE ULTRA-VIOLET RADIATION ON THE FLUORESCENT 
MATTER CONTAINED IN WATER 

Concernmg the processes foi contioUing the sterihzation of water, 
Dienert ^ has made a veiy interesting note. There exist in all surface 
waters fluorescent mattei of organic on^. Sterilization by the 
ultra-violet rays (as well as by ozone or otherTOse) causes a notable 
decrease in the quantity of such matter. Water treated by these rays 
differs therefore m this respect from the natuial river watei before its 
passage through our apparatus. 

C'.ii v C -xL c\3 jlC oO.jjiIOX 

«J ( 0 XojfecRic lal.^ C T ' c i ^cl t cs i-ji I’L'r 1C..'* 

C R Ar eirc*' 2. r'*^ TOT 
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ACTION OF THE ULTRA-VIOLET KAUIATrON UPON TOXINES 

It may be asked wbelhci the poisons lesulting from the microbes 
and which maj" be contained in the water (in small quantities, of 
course) aie dcstioyed by the ultra-violet rays We aie in a position 
to answer this question 

The toxines such as wo have been able to obtam in our bacteriolo- 
gical laboratoiies can not bo destroyed by the ultra-violet rays since 
they form a liqiud verv^ iich in colloidal matter and therefore not 
tianspaient to this radiation It would thercfoie be necessaiy to 
work with vciy thin strata of the liquid. We have demonstrated tins 
with the tetanus toxine ^ A veiy long exposiiie (one hour under 1 to 
2 cm.) scarcely weakened the toxic power of a fibious culture of the 
Nicolaier bacilli If the toxme is sufficiently diluted with water, say 
1 part in 2,000, it is neutralized m a few mmutes ^ Cemovodeanu 
and V. Henii have obtained similar results ^ 

Toxines are, therefore, very sensitive to the action of the ultia- 
^nolet rays provided they aio so diluted as not to be protected from 
them by their colloidal state Such toxines as are apt to be found m 
potable watci will, therefore, be destroyed as well as the microbes 

PRACTICAL APPLICATIONS 

Axe the preceding results capable of practical application ^ Surely. 
They give rise to a simple and very powerful new method of steriliza- 
tion, apphcable wheiever an electneal current (contmuous or trans- 
foimed) is at hand. 

The water is not changed or warmed Nor is it haimful for drink- 
ing 

The only condition necessary for the successful sterilization is the 
transparency of the water, filtiation would, thoiefoie, be necessary 
for muddy water 

Our appaiatus can serve thiee purposes First, household sterihza^ 
tion (special small-sized apparatus adapted to the supply pipe of 
an apartment). Second, sterilization for larger estabhshrnents (appa- 
ratus with greater flow of water placed at the entrance of the water 
into the building and furnishing stenle water to all the faucets of a 
hotel, barracks, hospital, school, etc ) Third, sterihzation of water 
for a city (apparatus capable of puiif}ung, if necessary, several 
thousand cubic meters of %vater per day, apparatus with which trials 
are actually being made) 

For household apparatus, and even for such as is destined for larger 
estabhshrnents, it is desirable to have some automatic device to stop 

i J. Couimont et Tb Nogier C B Ac des Sciences, 2 mars 1909 

* J, CourmentetTb Nogler. Cl 

* Cemovodeanu et V Henri. C r< 2 i>j9 
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the flow of watei whenever the lamp may not wozk cithei through 
accident oi design Surveillanre of the apparatus would then be 
unnecessary Only steiile water could be dra\ra 

Such apparatus as we have described in this article would be of 
great advantage m certain piofessions and industries Surgeons, 
obstetiicians, could have steiile watei; phaimacists w’ould feel secure 
in the piepaiation of aseptic compounds, breweis -would have gieat 
advantage m usmg sterile watei Water thus steiilizod could be used 
by daiiymen, beei makers, manufactureis of aitificial mineral wateis 
01 bottlers of natural water (washing of bottles), etc 
The aiiphcations which Th. Nogiei and I have made of the bacteri- 
cidal power of the ultia-violet ia3"s m the steiilization of w^atei have, 
therefore, an impoitant piactical beaiing winch no one now contests. 




THE LEGAL TIME IX VAIHOUS COUNTRIES.^ 

[With ccJoiHcl map ] 


By Dr W Philippot, 

Astro?2ome} at the Iloyal Observatory of Belgium 


TIMK IX GENERAL 

Tune IS measuied by ilie lotation uf the earth about its axis A 
day IS tlofined as the time taken foi one complete rotation It is 
assumed that the axis is fixed m the earth and that the rotation is uni- 
form In order to measuie the tune taken for this lotation, it is nec- 
essary to have reference marks both m the sky and on the eaith 
For the lattei the meridian is chosen, which is the plane passing 
through the earth’s axis and vertical to the place where the time is 
measumd. Two points are used in the sky. The fiistj the vernal 
equmox, which is the ascending node (intemection) of the echptic 
upon the equator, the second is the sun’s center ^ 

The veinal equinox selves to determine the sidereal day, which is 
the time between two successive passages of the equinoctial point 
over the upper mendian of a place The moment of tliis passage is 
taken as the begmmng of the sidereal day The hour angle of the 
vernal equmox gives the local sidereal time. For the affairs of civil 
life sidereal tune is inconvement and not used It is used only for 
asti Gnomical puiprfees 

The center of the solar disk is used to define the true solar day. 
On account of the variable movement of the sun along the echptic, 
the length of the tine solar day varies from day to day and it is not 
feasible to make mechanisms or clocks keeping time with these irreg- 
ularities A fictitious sun has therefore been imagined, running its 
course along the echptic at a regular rate and reaching the points of 
its 01 bit nearest to and faithest from the earth at the same times as 
the true sun A second imaginary sun is likewise supposed to pass 
along the cdestial equator at a urufoim rate and to be at the vernal 
equinox at the same moment with the fiist fictitious sun. This sec- 
ond imagmary sun is called the mean sun. The day measuied by it 

I Translated by pennissioa, witb revisions by the author, from ^\jinuaire Astrouomiq.ue pour 1915 
Belgium 

» The edlptio is the Intersection with the cdestiai sphere of the plane passing through the earth’s orbit. 
The equator is the Intersection with the celestial sphere of the plane passing thronjgjh the earth’s equator 
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is constant in length and as called the mean solar day It com- 
mences at the moment when the center of the sun passes the upper 
meridian of the place Mean solai time is used m all the affairs of 
civd life and our clocks aie theiefoie legulated to it, not to tiue solar 
time In astionomical use, the beginmng of the mean solar day is 
at the uppei passage of the center of the mean sun acioss the meridian, 
that is, at mean noon, whereas the civii day commences at the mo- 
ment of the lower passage (under the earth), midnight In the first 
instance, we speak of mean astronomical time, in the second, of civil 
time The latter is exactly 12 houis earlier than the former 

The difference between true and mean time is kno-wn as the equa- 
tion of time ^ The equation of tiue time is therefore the amount of 
time which it is necessary to add algebiaically to true time in order 
to get mean time, the equation of mean time, what we must add to 
mean time to have true time. Accoidingly, for the same moment, 
the equations of true time amd mean time are equal m amount, but 
opposite in sign The equation of time vanes from day to day, but 
its greatest value is a little less than 17 minutes 

SOCIAL CONblDEUATIONS 

The pnucipal affairs of daily hfe go on while the sun is above the 
hori2;on; that is, dunng the daytime The sun, therefore, contiols 
most of our actions, and it is but natural that it should serve to meas- 
uie our time Smce the equation of time is always less than 17 
minuteSj the difference between the true and mean times is of httle 
importance and brings no inconvenience into civil hie 

All the geneial facts just stated apply to any place upon the globe. 
If each place were to adopt the time appiopnate to its own mendian, 
called local time, the consequent divemty of time would lesiilt in 
great confusion It is theiefoie advisable foi ^e convemence of 
social hfe to adopt some conventional system of time for all the people 
of a certain region. Their clocks must be legulated to the tune of 
some conveniently chosen meridian^ there must he some standaid 
time fixed either by law or custom The choice of this depends on 
various considerations The principal consideiation seems to be 
that this time shall depait as httle as possible fiom local time In 
our choice of the mendian by wliich to regulate oui clocks, we should 
therefore limit ourselves to one which passes through some central 
part of the region under consideiation, then the difference between 
the local and the official time will be as small as possible in the ex- 
treme parts of that region 

The changing of the time at one locality to that corresponding to 
the same moment at another place, although a very elementary 

1 The word equation is not used Eere to, its toathematicai some, it is equivalent to the word “etrqr ” 
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process, is one in vrhicli the uninitiated is very liable to make errors. 
As the transformation is generally wished quicldy, it is important to 
reduce the process to its simplest state, Smce the time defined by 
the mean sun is itself purely conventional, it may be used over a 
considei able legion with httle inconvemence Thus, for the whole of 
a country may be adopted either the time corresponding to some 
point 111 its capital or to that of its pnncipal observatory, W'hichever 
IS preferable 

With the extension of mtei national commumcation, quite naturally 
ceitain countnes grouped together in the use of the time correspond- 
ing to some place near their center when this did not bring too great 
discordance with the true local time But this effected only a partial 
solution and trouble stdl remained when it was desiied to pass from 
the time of one group to that of another An iiiteination£d agi ce- 
ment was necessary foi consideimg this problem and bringing it to a 
rational solution 

SYSTEM OF ZONES — DIAL OF 24 HOUHS, 

In 1884, a conference, called together at the initiative of the United 
States, met at Washington for the purpose of coming to some under- 
standing among the various nations of the world as to the choice of a 
standard meridian and a umversal system of time Several such 
systems were proposed The conference, which, moreover, had no 
legal powei, hmited itself, among other resolutions, to recommending 
the adoption of the meiidian of Greenwich and to the expression of 
their sentiment in favor of a universal system of time without com- 
mitting themselves to any special system. However, during their 
sessions the delegates planned a system of hour iunes or spherical 
sectors, which was already coming mto use in certain portions of 
North America Accordmg to this scheme, the terrestnal globe is 
divided into 24 sectors, 15° or 1 hour in vddth, that which emended 
7 5° or 30 minutes of time to the ’west and to the east of Greenwich 
was adopted as the initial sector. The time in any sector is exactl}’ 
1 hour ahead of the neighbonng sector just to the west and 1 hour 
behind that just to the east 

The advantage of such a convention is that at any instant the 
time mdicated by accurately regulated clocks the world over would he 
the same as to minutes and seconds, differing only in the whole hours; 
consequently in passing from the time of one place to that of another 
it is necessary to add or subtract only a whole number of hours. This 
process consists in combining two numbers of never more than two 
figures; thus the task is reduced to its minimum. 

Evidently such a simple system must finally prevail fiom its own 
merits; consequently we find it coming more and more into use. 
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The conference at Washington also recommended the adoption of a 
dial of 24 hours, which has the advantage that the use of the abbre- 
viations a in. and p m is unnecessary, as is the case vnth a dial of 
12 hours TJnlbrtunately the spread of this reform seems to have 
noaily stopped It is officially used at present only m Belgium, 
Canada, Spam, Fiance, Italy, and Bntish India 
The cml day commences at mean midmght For astronomical 
purposes a system of 24 horns is universally employed but the zero 
hour corresponds to mean noon, so that mean astronomical time is 
exactly 12 hours latci than mean civil time This convention was 
adopted so that the same date could be used for all the observations 
of a single inglit Although the confeience at Washington lesolved 
that as soon as piacticablc all astionomical and nautical dates ovei 
the whole world should commence at mean midnight, astronomeis 
have not so done Enghsli mariners indicate by p. m. the afternoon 
hours and hy a ni those of the foienoon 

The time coiiespondmg to certain zones have received special 
designations 

Western EurupeAii time, or western time, coi responding to tlie zone of Greenmcli 
Central European time, or central time, ci;rrespnnding to the zone 1 hour east 
of Greenwich 

Eastern Euiopean time, oi eastern time, corresponding to the zone 2 hours east of 
Gieenwich 

Eastern standard time, coriesponding to 5 houis west of Greenwich 
Central standard time, corresponding to 6 hours west of Greenwich 
Mountain standard time, corresponding to 7 hours west of Greenwich 
Pacific standard time, corresponding to 8 hours west of Greenwich 

Since 1884 many countries have adopted systems of time based 
upon the zones and the mendian of Greenwich. In the following 
table are given the principal nations or portions of nations, the merid- 
ians adopted and the diflerences between their standard times and 
that of Gieenwich The plus sign (d-) inchoates that the given 
difference must be added to Greenwich time m order to obtam the 
time in a given countiy, the negative sign (—), that it must be 
subti acted 

Tht systems of time in laiious countries 


\ 

or countxj 

JIcndiaii 

Ditlerencc 

Kemarlcs 

1 

Africa 




English south. . 

Greenwich 

4. 2i> 0“ 0» 


Gennan south. .. 

do 

+ 10 0 


Portuguese west 

do . 

+ 200 

Legal time 

Portuguese east 

. do 

+ 10 0 

Do 

Argentine Eopublic . 

Cordoba 

-- 4 16 48 2 

Official time 

Au&traliiu 




Central 

Greenwich*. 

+ 9 30 0 


Western ... . . 

. . do . 1 

+ 800 
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The systems of time in various eounincs — Continued 


Begmn or countn 

Mendian 

DIfferen< e 

Rem irLs 

Austru*Huiigar> 

Greenwich 

I 1 

0 

0 

Radroads 

Belgium 

Canada 

do . 

0 

0 

(1 

lal tiniH 

No\a Scotia 

do 

- 4 

0 

0 

Legal time 

New Brunswick 

do 

— 5 

n 

u 

Do 

Ontario and Quebec 

-do . . 

- 1 

0 

u 

Do 

Keewatm and Manitoba 

.do 

- 6 

u 

0 

Do 

Alberta^ Assimboia, Athabasca 

.do 

~ ' 

0 

0 

Do 

British Columbia 

.do 

— t> 

0 

0 

Do 

Chill 

Santiago 

- 1 

42 

4G 1 

Railroads 

China (eastern coast) . 

Greenwich 

-f s 

0 

0 

Railroads, porJs 

Colombia 

Bogata 

- 1 

»t) 

54 2 


Costa Rica 

San Jose 

- 5 

.G 

h) 0 

R ulro uis. 

C uba 

Habaiw 

- ') 

20 

2l» 0 

Do 

Denmark, 

Greenw ich 

-f 1 

0 

0 

I egul time 

Rgypt 

do 

4 J 

0 

0 

Do 

Ecuador 

Quito 

— 1 

14 

t> 7 

OlTicialtmie 

England and Scothnd 

Greenwich 

0 

0 

0 

Legal time 

Formosa, Pescadores 

do 

4- S 

0 

0 

Do 

Frince and Algeria 

do 

0 

0 

0 

Do 

Germany 

do 

4 1 

0 

0 

Do 

Greece 

Athens 

4- L 

34 

52 9 

Do 

Holland 

tmsterdam 

-f 0 

19 

39 0 

Do 

Honduras 

Greenwich 

~ 0 

0 

0 


India and C-cylon 

Madras 

4- J 

20 

59 1 


India, Portuguesi- 

Greenwich 

+ 1 

0 

0 

Do 

Irelond 

^ Dublin 

- 0 

25 

21 1 

Do 

Italy 

Greenwich 

4- 1 

0 

0 

Do 

Japan 

do 

4- 9 

0 

0 . 

Do 

Korea ^ 

(,reenwich 

4- 0 

0 

1 

Railroads 

Luxembourg 

do 

4- 1 

0 

0 ' 

Legal time 

Mexico 

Mexico 

~ G 

36 

25 7 


Newfoundland 

St Johns 

~ 3 

50 

44 0 

1 

New South W ales 

Greenwich . ' 

4-lQ 

0 

0 

1 Bo 

New Zealand 

do 

4-11 

30 

0 

Do 

Nicaragua* 

Managua 

- 5 

45 

10 


Norway 

Greenwich 

4- 1 

0 

0 

I^gal tune 

Panama - 

do 

— 0 

0 

0 i 

Railroads 

Peru 4 

do 

— ") 

0 

0 I 

Offlcml time. 

Portugal, with Whjdah and the islands 
St Thomas and Pnncfi>e 

Portugal 

do 

f) 

0 

0 i 

Legal time. 

Azoresand Cape Verde Islands . 

do 

— 2 

0 

0 

Do 

Madeira, Portuguese Guinea, . , 

do. 

- 1 

0 

0 

Do 

Mauritius Island . 

do 

+ 4 

0 

1) 

Do 

Macao, Portuguese Timor 

do... 

4- S 

0 

0 

Do 

Queensland. . , 

. do. . 

+10 

0 

0 

Do 

Roumania . 

.do. 

+ 2 

0 

0 

Railroads 

Russia . 

Pulkova,. 

+ a 

1 

18 0 

Do 

Salvador.. 

San Salvador 

- 5 

SO 

32 0 

Legal time 

Sendft.- . , - . 

Greenwich . 

+ 1 

0 

0 

Railroadi>. 

Spain.. 

, do .... 

U 

0 

0 

Odltdai time. 

Sweden 

do . 

’ + 1 

0 

0 

Legal time 

Switzer>aud 

do . 

1 + 1 

0 

0 

Do 
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Regjou or countn 

Meridian 

Billerence 

! Remarks 

' 

TasmaDta 

j Greenwich 

+10 0 0 

Legal lime 

Turley , 

do 

+ 200 

Railroads 

United States 




Eastern standard 

do 

-10 0 

Legal time 

CentRil standard 

do 

- 0 0 0 

Do 

Mountain standard 

do 

-too’ 

Do 

Pacific standard. 

do 

- 8 0 0 

Do 

Alaska 

do 

- 9 0 0 

Do 

Hawau 

do 

-10 30 0 

Do 

Porto Rico 

do 

- 4 0 0 

Do 

Philippines 

do 

+ S 0 0 

Do 

Uruguay 

Kontc\ ideo 

- 3 44 51 i 

RailroadSi 

Venezuela 

Caracas 

- 4 27 43 6 


Victoria 

Greenwich 

+10 0 0 

Legal time 


This table makes easy not only the transformation of a given time 
to the corresponding Irnie at Greenvncli but also its conversion to 
that of any other place Foi instance, when it is 6 hours a. m* m 
Chicago, in Manila it is 6 + 6 + 8 — 20 horn’s, or 8 horn's p m 

Upon the teirestiial map given here, the 24-hour zones have been 
indicated, the central hue ol the fust passes through Gieemvich 
The countries and territories which have not yet adopted the mter- 
national system of time are tmted blue, the othem rose For great 
extents of countiy like the United States of America it is easy to see 
at a glance the time in each legion 

THE INTEKNATIONAL BATE LINE 

It is well luiown that if we go westwaid from America to Asia, 
we find oiu date one day belnnd time when we reach Asia, if we 
travel eastward over the same route we find our date one day ahead 
of time when we reach America 

In order to avoid this confusion of dates, it is customary, in cross* 
ing the one bundled and eightieth meridian from Greenwich, to 
a day, if traveling toward the west, and to repeat a day if 
traveling towai'd the east. However, because of geographical and 
political conditions, the international date line does not coincide 
exactly with the one hundred and eightieth meridian. It is an 
irregular line so situated that all eastern Siberia has the same date, 
the Aleutian Islands and Hawaii the same date as the United States 
of America, and, finally, the Fiji Islands and Chatham Island that 
of Australia This line is shown on the accompanying map 
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THE TIME SEBYICE OE VAEIOITS COUNTRIES* 

The knowledge of the exact time is of the utmost importance for 
the transaction of the biismess affairs of all the nations^ especially so 
for those who have charge of the means of transportation and of rapid 
communication This is the case foi railioad and telegraph (‘om- 
panics and especially for mai itime commerce The captams of vessels, 
at the moment of clearing for sea, must bo able to legiilato their 
chronometeis with precision, for upon these instiuments depends the 
determinations, during their voyage, of the geographical positions of 
their vessels. Accordingly, at the principal ports of the woild, a 
special de\ace (time ball) is used to give the marmers the exact time 
at kiiOYii moments Indeed, in certain poits, special bureaus for this 
pm pose aie at the service of sea captains dming their stay in port, 
heie they may deposit then chionomoters so that their conditions 
and daily lates may be deteimmed. These time-service bureaus are 
generally in direct commumcation wnth an astronomical observatoiy, 
which assures them of the time used 

Various countries of the world have organized, accordmg to them 
means and local necessities, more or less extensive tmie sei vices. 

Generally, in countries covered by a network of telegraph and 
telephone lines, a service is established such that the various bureaus 
comiected by wire receive daily the necessary tnne signal Those 
wishing signals can apply to these offices or rely on time furnished to 
exterior clock dials either at railroad stations or at post offices 

In the United States of Ameiica the lime is sent over all its im- 
mense extent of land. It is tiansmitted at noon by an accurately 
regulated pendulum which automatically sends currents of electiicity 
over all the telegiaph hues of the coimtry. These currents actuate 
receivmg instiuments at all the telegraph stations. The duration of 
the ti ansmission lasts five mmut es. They are sent out from the Naval 
Observatory at Washington for all the region east of the Rocky 
Mountains, and fiom the observatory at Mare Island, Cal , for that to 
the west. Besides these noon signals, others can be sent during the 
course of the day when required. 

In Portugal the Lisbon-Tapada Observatory furnishes telegraphi- 
cally the time to the whole country, to the time ball at the arsenal at 
Lisbon, and to the chronometer station of the meteorological observ- 
atory of Ponta Delgada (S kliguel, Azores). 

In Belgium the time is sent daily by telephone to the time-service 
office at the port of Antwerp where an assistant is detailed to compare 
such chronometers as may be deposited. An accurate Riefler clock 
serves to maintain the requisite time and work the time ball. The 
observatory sends the time also to the central bureau of the tele- 
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graplis wlucli m turn distributes it to all the telegraph and railroad 
stations of the longdom 

The precise time is sent also to the various civic depaitments as 
well as to certam private institutions to which it is essential. The 
transmission of the time is made as follows As soon as the one in 
charge of the station is m telephomc commimication vnth some one 
voshing the tune, he states the time he is gomg to indicate, to the 
exact minute generally, then, 10 seconds before that time he calls, 
attention,^’ and then accurately at the minute he says, His 

IS larely out by two-tentlis of a second. 




SOME RECENT INTERESTING OE^TELOPilENTS IN 
ASTRONOAIY ^ 


By J S PLiSKErr, B A ^ 
Vomxnton Ohservalory^ Ottaua, Canada 


It has been the custom foi the newh" elected piesidcnt of an 
astrononmal society to give m his manguial addiess a levxew of 
the progress of tho science of astronomy durmg the year just closed, 
and I am partly compl^nng with that custom in what I have to say 
to you to-mght I do not propose, however, to attempt to give 
you a review of the whole field of astronomy. That would be quite 
impossible m one address. All I shall attempt, therefore, is to 
select from tho matenal at hand some of the most important results 
recently attained, and from these agam those which are likely to 
prove of the greatest geneial interest In this selection, it is very 
hkely that I shall be guided by my oivn particular prefeiences, and 
I do not, therefore, claim that what I have to lay befoie you will be 
entirely lepiesentaiive of tlie progi*ess of tlie science 
In my opimon there has been no time in the history of astionomicai 
science wdien progress has been so rapid and when we seem to be 
on the eve of so many mterestmg developments, and I imght almost 
say generahzations, as at the present time 
One of the most significant indications of such development in 
astronomy is the remarkable coordination and correlation that is 
bemg so rapidly developed among the different sciences A few 
years ago the astronomer made no use of any science but his own, 
with, of course, its indispensable adjunct mathematics; but now 
progress m astronomy is impossible without the aid of physics and 
chemistiy, geophysics and geology. We do not know, indeed, how 
soon we shall be applying biology, with its allied sciences, in the 
study of such a subject as ^^Life in other worlds/^ on which we had 
recently such an eloquent and instructive address by Prof. Aitken. 
Another significant fact pointing toward rapid developments and 
deductions is the completion or approaching completion of many 

1 Address liefore the Royal Astronomical Society of Canada, Ot*ev a Fob 23 , 1911 r "p'-j.' 2 i oy .er- 
missionfirom the loumul of the Royal AstronomiCil Society of Canada, July-August, np 21S-2P=! 
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extensive researclies in our science Astronomy is, perhaps more 
than any othei, a science wliich requires long continued and system- 
atic mvestigations to he earned thi’ough with faithfulness, unsel- 
fishness, and untirmg perseverance before any definite results can 
be attained All honor to the astronomers of the past, who spent 
tlieir lives in makmg observations of winch they themselves could 
not hope to reap any fruit, and all honor to tlie astronomeis of the 
present, who aie unselfislily collectmg data which only a future 
generation can use The results of past observations aie beginning, 
in many different branches of our science, to be of mestimable 
service m unravellmg some of the mysteries of the universe 
Let us begm our review of the progress of our science at oui own 
globe, and though one would hardly state that the science of geo- 
physics, as tlie study of the form and constitution of the earth is 
called, is astronomy, yet it can not be disputed that only by know- 
ing exactly the dimensions of our earth can we determme the dimen- 
sions and distances of tlie heavenly bodies, and only fiom a study 
of the constitution and physical condition of our globe, which must 
include careful measurements of the spectia of terrestrial elements, 
can we determine the constitution, the physical conditions, and the 
radial motions of the heavenly bodies We have to proceed to 
the maccessible by a study of the accessible, and to mvestigate the 
the unioiown by attacking the knowable, and hence we may safely 
say that a knowledge of the dimensions and form, the constitution 
and physical condition, of the earth is a first requisite for a satis- 
factory study of the heavenly bodies* The science of geodesy, 
winch treats of the figure and suse of the earth, is makmg substantial 
progress all over the world, and new and more accurate data are 
constantly being ob tamed* It is a great satisfaction to me to 
record that, under the able superintendence of Dr Eang, good 
progiess is bemg made in an accurate geodetic survey of Canada 
Tins woik, which has only lecently been oigamzed, 'vviU furnish at 
tlie same time results of the greatest piactical usefulness, as well as 
of the highest scientific value The alhed blanches of seismology, 
teiTestrial magnetism, and of the determination of gravity are, 
along with geodesy, gradually changmg and crystalhzmg our notions 
of the structuie of the mtenor of the earth from the old idea of a 
thin crust suzTounding a molten interior to that of a solid globe 
whose density and elasticity mcrease with the depth, at least for 
some distance, and which acts on the whole as if it possessed the 
rigidity of steel* Geodetic measurements show that all local irregu- 
larities on the surface such as mountams and valleys are completely 
compensated for at a depth of about 75 miles This means that if, 
from the boundaries of equal areas on any part of the earth’s sur- 
face, lines are drawn toward the center to a depth of 75 imles from 
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sea level, the amount of matter mclosed is the same m each Tliis 
is called the isostatic layer and acts as if it weie floatmg in equili- 
bniim on a liquid at that depth The comparatively new science 
of seismology — in winch our observatory is so ably represented by 
Dr, KlotZ; vhosG method of recording the eaiUi disturbances is, I 
may say, now bemg extensively copied — on the other hand shows, 
from the foim and velocity of propagation of eaith disturbances, 
that the interior must be about as rigid as steel This is further 
corroboiated by measurements, by a kmd of seismogiaph, of the 
deformation of the solid earth by the luni-solai attraction, winch 
m the sea pioduces the tides but which also sets up, though, of 
course, very much reduced m magnitude, a similar effect upon the 
land The more recent advances m seismology have been in the 
direction of nnproving the sensitiveness of the ms t rumen ts and the 
methods of discussion of data, so that we may hope to gradually 
obtain definite knowledge of the density, rigidity, and elasticity of 
the interior, layer by layer 

The increase of data m terrestnal magnetism, on the other hand, 
seems to have comphcated rather than simplified the problem, which 
is, of course, naturally the case when the fundamental undei-lying 
cause or principle is unknown; and this, it must be confessed, is the 
case in this science. There can be no doubt, however, of its ultimate 
solution, and, indeed, we aie beginmng to see some glimmerings of 
light m the magmficent work bemg earned on at the solar observa- 
tory on Mount Wilson, where one of the most recent and wonderful 
results has been to defi.mtely piove that theie are magnetic fields in 
the neighborhood of sun spots That changes in the terrestnal mag- 
netic elements and solar activity are m some mannei connected has 
long been infened from the fiequent, nearly comcident appearance 
of violent magnetic storms following the central transit of prominent 
sun spots, 

We pass naturally, then, fiom the earth to the sun, to us the most 
important heavenly body, as on it is dependent all life on our planet. 
Very great advances have been made in recent years in the st^dy of 
the constitution of our luminary, and a gieat deal of attention is now 
being paid to researches m tins most important branch of astronomy 
The International Union for Cooperation ui Sdar Bcsearch, a society, 
or rather group of societies, which was organized about five years ago, 
and which embiaces the workers on the sun in all civilized countries, 
has done much toward umfymg and rendermg effective the great 
amount of material collected. A meetmg of this society, which I 
had the honor and privilege of attendmg as representing this observ- 
atory and also our Koyal Astronomical Society, was held last sum- 
mer at the Mount Wilson Observatory, at which many important 
387S4®--sm 19X1 ^17 
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questions were discussed and plans for future woik outlined The 
work of the umon is earned on by several committees, which report 
at the tiiennial meetmgs 

Probably the most impoitant action taken was the adoption of a 
now system of wave lengths of light The system in use for the 
last JO yeais was introduced by Rowland, the values being obtained 
from measurements of s})ectia made with concave gratmgs. This 
system was far in advance of pievious ones and was for a long time 
considered piactically perfect Moie recent investigations have 
shown, however, that not only were lus absolute values m error, 
every wave length being too great by about 1 part in 30,000, which 
is not a matter of much moment, but that also — a much moie seiious 
question — theie weie relative eiiors of the Older of about 1 part in 
100,000 among the diiTeient hnes These errors, due to unknown 
defects in the giatmgs, were only discovered when new measure- 
ments were made by a diO'erent method, that of interference The 
new piimiuy standard was first determined by Slichelson in 1892 by 
actually counimg the number of waves of the red line in the spec- 
trum of cadmium in a known fi actional pait of the standaid meter 
He found that theie weie 1,553,163 5 waves in a meter, equivalent 
to a wave length 0 000643S4722 mm , or, as it is usually wiitten^ 
6438.4722A Tins value has moie recently been confirmed by Fabiy 
and Perot and is accepted as the piimary standard of the now sys- 
tem Secondary standards are composed of the wave lengths of 
50 lines, in the arc spectrum of iron between J42S2 and A6495, which 
have been independently measured by interference methods by three 
observers — Fabry and Buisson at Marseille, Eversheim at Bonn, and 
Pfund at Baltimoie, The accordance of these measures is so good 
that the longe is generally loss than one part in a million, and the 
mean of the three is certainly correct, considerably witlnn that 
margin of crroi Fiom these secondary standards tertiaiy standaids 
are to be obtained by mteipolation fiom grating spcctia, and afte? 
these tertiary standards have been obtained new measuies of the 
wave lengths of all lines in solai and teirestiial spectra will be 
required 

The importance of tins work in solar and stellar investigations 
can not be overestimated, ’as many important lesults depend on the 
accuracy of wave-length values, and incorrect values may lead to 
erroneous conclusions. Tins is an instance of what I pieviously 
said of the necessary interrelation of astionomy and physics and 
the impossibility of successfully attacldng modern astronomical prob- 
lems without the aid of the allied sciences. 

One of the important conclusions reached by the committee on 
sun spots was the practically unchangmg character of sun-spot^ 
spectra. To this may be added the fact, conclusively proved by* 
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Pi of Hale, that the ombia of sun spots is at a lower tempeiaturc 
tlian the rest of the sun s surface, and that in sun spots, as first 
found by Prof Fowler, of London, we haA^e the spectra of some 
chemical compound'^, such as titanium oxide, magnesium and cal- 
cium hydiidc, further showing that the tempeiature is sufficiently 
I educed to allow the formation of such compounds, which do not 
appear in the normal solar spectrum Agmn, we have the discoveiy 
of Evershed, of Kodaikanal, India, of radial motions of the vapors 
aioimd sun spots, and the final chscoia^ry by Hale that many, if 
not all, sun spots are surioimded by wdiirls, and tliat electrically 
chaiged particles, winch, it has been further shown, are negatively 
charged, are carried around by these ivlnrls and produce the mag- 
netic field Avliich is shoAra to exist around sun spots. 

At the high tempera tine of the sun, magnetism as a\c knoAV it 
can not exist, and the field must be produced by such whirls or 
Amitices The mannei in wlncli the magnetic field in sun spots Avas 
detected and proved is a splendid example of expeiimentation to 
test scientific deductions and a full justification of the expendituie 
on the powerful apparatus needed for such woik The whirls sur- 
rounding sun spots are shoAvn on photogi'aphs of part of the sun^s 
surface in the light given by the red Ime of hydrogen. Such pho- 
tographs are made by the spectroheliograph, an instrument Avhich 
enables us to photogiaph the sun^s surface in tlie light of different 
gases or A^apors, and hence records the distnbution of these vapors 
The great lesemblance betw(3eii these Avlmls and the lines of force 
around a magnet, as shoivn by non filings, led Prof Ilale, the in- 
A^ontoi of tJic spectioheliograph and the discoA'eroi of tins eflect, to 
suspect the presence of a magnetic field, and the next question Avas 
to A^crify tins suspicion It was lound soA^eral years ago by Zeeman 
that if a luminous vapor is produced between the poles of a magnet, 
many of the lines of its spoctium are widened. Prof Hale found 
that the spectrum of a sun spot, Avith the high dispersion available 
on Mount Wilson, showed some of the same lines vndened, strength- 
ening his suspicion Furthermore, Avhen the Andened hnes produced 
by a magnetic field in the spectrum of a luminous vapor are examined 
thiough a polanzmg apparatus, many of tixe lines are spht up into 
doublets, triplets, quadruplets, or even sexDuplets; and a similar test 
apphed to a sun-spot spectrum gave a similar, though much Aveaker, 
effect, conclusively provmg the presence of a magnetic field. Com- 
parison shoAved that its strength was about one-quarter of that 
needed to saturate iron, too weak to produce any magnetic disturb- 
ance on the earth, and therefore mcapable of explaining the frequent 
coincidence of magnetic storms and large sun spots. 

The fact that sun spots are at a lower temperature than the rest of 
the photosphere has been corroborated by the work of Prof* Abbot, 
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who, m Ins deterniination of the solar constant (the amount of heat 
iceeived fioni the sun)^ shows that tins is 1 or 2 per cent less at sun 
spot maximum than at minimum The absolute amount of the sun’s 
heat at the suiface of the earth is 1 9 calones, which may be more 
siinpl}" stated as the amount of heat poi square centimeter which will 
ituse 1 cubic contimetei of watei 1 9° C or 3 5*^ F. m temperature in 
one minute, if the atmospheiic absorption is neglected It has also 
been pioyed by Piof Abbot that theie are luegular variations m this 
quantity, and it is hoped that a knowledge of these vanations may be 
of value ill helpmg to pi edict temperature and meteoiological changes 
on the earth, a pioblem whoso solution, even TOth all the advances 
m science, seems as far off as ever 

Aiiothei iiiteiestmg problem, which at the meeting of the solar 
umon was advanced a stage, is the determmation of the solai rota- 
tion by the displacement of the spectral hnes at opposite hmbs of the 
sun Owmg to the i ot ation of the sun on its axis m about 26 days, one 
limb approaches and the other limb recedes from us, with a velocity 
at the equatoi of about 2 kilometers per second If the spectra of the 
two limbs are bi ought side by side on the plate, the hnes of the former 
will be displaced to tlie violet, of the lattei to the red; and with a lugh 
dispersion spectiogiaph this displacement will be quite noticeable, of 
the order of one-tenth of a luilhmetei Some woik has been done on 
this problem b}^ Dimer at Upsala and by Halm at Edmburgli visually, 
and moie recenth^ by Adams at Mount Wilson photographically* 
Besides determuimg the late, and the law of decrease of rotation with 
different latitudes, there are other mteiesting problems, such as 
vaiiations of the late foi hnes of diffeient substances, which require 
solution* A combined attack by six mstitutions, of which the 
Dominion Obseivatoiy is one, on different well-distiibutcd legions of 
the spectnim has been ananged, and, in addition, each observer is to 
mcasiue a conmion icgion foi compaiison of results and lemoval of 
systematic eiror 

Besides these definite advances, much other work in the distribu- 
tion of the gases and metalhc vapors over the photosphere, in com- 
paimg the spectra of the limb and center of the sun and along many 
other lines, has been recently accomphshed, and we may confidently 
look for rapid development and increase of our knowledge of the con- 
stitution of our luminaiy in the near future. 

Although the study of the sun is most intimately connected with 
that of the stais, which was recognized at the solar union by the 
appointment of a committee to discuss the question of the classifica- 
tion of stellar spectra, yet we may perhaps turn for a moment to the 
other members of our solar system and see if any new light has 
recently been thrown upon the interesting question of conditions on 
other planets The perennial ijuestion of the objective e.asteuce of 
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tho fine geonietiical markings on Mars, commonly called canals, has 
been, duimg the last opposition of 1909, stiennoiisly and ably sup- 
poited by Lowell and one or two adheients, and cqiia% strenuously 
and ably combated b3" manj^ astronomeis, chief among whom was 
Anloniadi As is well known, the maj ority of astronomers are unable 
to see these fine sharp lines, although plent}^ of other detail is Tisible. 
Duiing the last opposition photogiaphy was used to a much larger 
extent, but I question whether it has settled the matter Lowell says 
the piincipal canals show on las pliotogiaplis, while others aie unable 
to see them The onl}^ way this question can be settled is, as Aitken 
suggested, for Lowell to invito some well-known observeis, such as 
Barnard, Buinham, and others, to Flagstaff at the next opposition 
and let the whole question be fought out 
Another disputed point is the question of water vapoi on Mars 
The detection of this water vapor depends upon the visibility of a 
small band oi gi oup of lines in the red end of the spectrum produced 
b^" the piesence of water vapor Slipher, Lo well’s assistant, photo- 
graphed the spectrum of Mai’s and then the spectrum of the moon. 
The light from Mars, which is, of course, reflected sunlight, passes 
tmee through Mars’ atmospheie and then thi'ough the earth^s atmos- 
phere The light from the moon, which has no atmosphere, passes 
through the earth’s atmosphere only. If now there is water vapor 
in appreciable amount in the atmosphere of Mars this band should 
be stronger m the spectrum of Mars than in that of the moon Slipher 
found that it was stronger in the Haitian spectrum, but unfortunately 
some little time elapsed between the two exposures, and there is a 
possibility that the greater strength of the band was due to change in 
the amount of water vapor m the earth’s atmospheie Director 
Campbell, of the Lick Observatoiy, considered the question of 
sufficient importance to organize an expedition, carijnng instruments 
to the summit of Mount Whitney, elevation 14,500 feet, at which 
altitude onl}’- one-fifth of the earth’s water vapor is above and four- 
fifths below Any small differ ence between the moon and Mars 
bands will show lelatively moie conspicuously than at the elevation 
of Flagstaff, which is about 7,000 feet. His photographs were made 
within a few moments of one another, and ■with Mars and the moon 
at the same altitudes, and are, hence, directly comparable. I saw 
^ them myself last summer at Mount Wilson, and I can s^y that there 
is no discernible difference in the vapor bands in the two spectra. 
The bands are veiy weak and evidently due to the small amount of 
water vapor present in the earth’s atmosphere above Mount Whitney. 
Campbell comes to the conclusion that there is no spectroscopic evi- 
dence of the existence of water vapor on the planet. Althongh he 
specifically states that he does not contend that Mars has no water 
vapor he says that it is too slight to be detected by the spectroscopic 
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method and is piobabiy considerably less m quantity than that 
present in the earth's atmospheie above the summit of Mount 
T\niitney 

The question of the suitability of Venus for oigamo life seems to 
depend upon the deteiminatjon of its lotatioii peiiod If, as is now 
mostly believed, it always turns the same laco to the sun then the 
one side will bo baked and the other fiozen If, on the other hand, 
it turns on its axis ui alioiit 24 horn’s, then it is practically certain 
to be m a condition to suppoi t life The only possible test between the 
two theoiies is the spectroscopic one, as m the solar rotation, by 
obsennng the Ime slnlt at opposite limbs In this case, howevei, 
we have difficulties owmg to the bad seeing at the compaiativcly low 
altitude of Venus and the distuibance of the image, so that it is diffi- 
cult to determine in what legion of the planet the spectia weie made 

The advent of Halley’s Comet piovcd possibly as disappomtmg to 
astronomers as to the general public, for it did not show many 
unusual features, and not much additional knowledge concerning the 
nature of comets was obtained. The motion of a detached part of the 
tail, as determined fiom three j)hotogiaphs at Williams Bay, Hono- 
lulu, and Beirut, showed the presence of an accelerating force, as its 
velocity relative to the head nici eased fiom 23 miles to 37 miles a 
second in seven or eight hours To iiiy nimd the most lemaikable 
featui-e of its return was the acciiiacy of the computation so success- 
fully caiTied through hy Messrs Cowell and Crommelm, in which they 
predicted its perihelion passage withm less than thiee days When 
consideied m connection with the large number of disturbmg ele- 
ments to be taken into account and the exceedmgly complex and 
cumbersome calculations reqiiu’ed, them epliemeris was a marvelous 
piece of work, and they well deseivcd the recognition it received 

Befoie discussing some of the advances in our Imowledge of the 
sidereal universe it has seemed desirable to refer to the improvements 
effected in apparatus foi observation At the head comes naturally 
the large reflecting telescope with a miiTor of 60 mches diameter, 
recently installed on the summit of Mount Wilson, Califorma, at an 
elevation of 5,886 feet This telescope was designed and the miiror 
was figured by Prof Q W. Ritchey, superintendent of instrument 
construction of the Solar Observatoiy, who also is doing much of 
the photographic work with the telescope I had the privilege of 
carefully examining the mechamsm and of observing with the tele- 
scope, and it is certamly a supeib mstrument The optical proper- 
ties are piactically perfect, and the difficulty of temperature changes, 
the most troublesome met with in reflectors, has been successfully 
overcome. The mechanical construction is also unexcelled, and the 
instrument, although its moving parts weigh 2S tons, drives with the 
greatest smoothness and ease. The most magnificent photographs 
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of star clusters and nebulae ever made have already been obtained 
vnth the instrument, and its light efficiency m spectrographic work 
IS wonderful. It can obtain in five nimutes a spectinim of a fifth 
magnitude star that requires with our refractoi over an hour It is 
no wonder that such an instrument excited the envy of all astrono- 
mers who saw it, and Prof Ritchey was paulonably proud of his 
masterpiece 

We turn fioni this to, comparatively speaking, aiatherinsigiuficant 
instrument, for measuring the biightness of the stars The subject 
of stellar photometry has always been a difficult one, as all the 
photometem hitherto devised have depended upon eye estimates 
or compaiisons of the lelativc brightness of the star *with either 
another star or an artificial light, made by ingenious devices to 
resemble and be brought close beside the stai' to be measured. 
Thcie is, in dl such methods, the possibihty of psychological errors, 
and it has not been possible to obtain, except in special cases, results 
with a lower piobable eiior than about one-tenth of a magmtude. 
In the case of the comparison of two stars bi ought into the one field 
and equalized in intensity by polaiuzing apparatus, the probable 
error is, perhaps, as low as three or four hundredths of a magmtude. 
In another method also, in winch out-of-focus images of the stars are 
photograpl^ed, the density of the resultmg dislns have then to be 
measured by a photometer and we have errors of the same order. 
The new method, however, does not depend on eye estimates but on 
the change m electrical resistance of the element selemum when 
exposed to light It a selenium cell is placed on the end of a telescope 
and ail image of a star to be measuied thrown on it, the change of 
resistance can be measuied by a Wheatstone bridge anongement and 
very accurate values of the brightness ohtamed Piof Stebbins, 
who has been worlang with much ability and energy on this problem 
for the last three years, deseives much credit for his success in a 
difficult research He has recently made new measures of the light 
curve of the well-known variable star Algol, and the probable erroi 
of a determination at maximum is ± 000 mag , at mmimim ± .023 
mag. The accuiacy of his observations enabled him to detect a 
secondary minimum which had never before been seen and which 
indicates that the compamon whose echpse of the bright star causes 
the variability is not daik but light. Tafang the most probable 
value of tlie parallax or distance of the star, he finds that the bright 
star, which has about the same diameter as the sun, gives 240 times 
as much light, wlule the faint hemisphere of the compamon gives 16 
and the blight hemisphere 28 times the light of the sum 

Such results as these are most interesting, and it is only by combi- 
nation of several different methods, m this case of the light variation 
by a photometer, the orbital elements by the spectroscope, and the 
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distance by parallax raeasurcments, that we can obtain them, and 
that 'we can hope to increase our knowledge of stellar systems 
Another inteiestmg \aiiabIo is ii Ilercuhs, whose orbital elements 
were determined by Schlesingcr at Allegbeny from radial velocity 
inea^^uremenls with the spectroscope Ho ihids that the brighter 
star is about 5,000,000 miles m diameter — six times our sun — is 7 5 
tunes as massive but only one twenty-seventh as dense as the sun. 
The fainter star is 2 9 times as massive but only one-seventieth as 
dense. The paiallax of this star is not laiown, but if it is as luminous 
as Algol the brighter star must give out about 8,000 times as much 
hght as the sun 

There has been a veiy maiked advance in lecent years in stellar 
spectioscopy, particularly ui tlie Ime of the determination of the 
radial velocities of the brighter stars, and several observatories are 
now engaged m this work. Accurate radial velocity measures weie 
first obtained by Prof Campbell at tbe Lick Observatory in 1896 or 
1897, and for many years he was practically the only one domg that 
work CampbelVs work has been the determination of the radial 
velocity of all stars m the sky, containmg spectra with well measur- 
able lines, which are brighter than the fifth visual magnitude This 
woik is now practically completed, and a prelimmaiy value of the 
direction and magnitude of the sun's motion m space, vith numerous 
other iaterestmg and valuable deductions, are just bemg pubhshed 

In his work and that of Frost, of the Yerkes Observatory, wbo 
is measuring the radial velocities of Orion t 3 rp 0 stais, many spec- 
troscopic bmaiies — stars Tvhose radial motion vanes, and which are 
hence accompanied by mvisible companions, as distmguished from 
Visual binaries where both stais aie seen — have been discovered, 
and it is believed that not fewer than one in thiee of all stais must 
have a companion of appioximately the same size, thus elnninatiug 
in these cases all possibility of a planetary system like our own. 
Great advances have been made m determining the orbits, the char- 
acter of the motion around one another, of these bmaries, and the 
two institutions most active in this Ime of work are the Allegheny 
and the Dominion Observatones Of the 70 spectroscopic binary 
orbits determined, our observatory has obtained 16, which, con- 
sidering that the aperture of its telescope is only half or less that 
of others engaged in the work and that it has been established only 
a comparatively short tune, is a creditable showing The great 
strides made in the determination of spectroscopic binary orbits 
has led to no less than three summaries of the results, containmg 
deductions of important conclusions from them, by Oampbell, 
Schlesinger, and Ludendorff I have not time to enter into the 
results deduced from these discussions except to say that it was 
shown that most binary systems probably originate from a revolvmg 
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parent nebula wlucli; while condensing, separates into two masses, 
and that these masses, as condensation proceeds, and by the influ- 
ence of tidal action, gradually meiease then distance from one 
another, this bemg accompanied, of course, by an mciease in the 
period and also, as the results show, by an increase in the eccen- 
tiicity — a greatei depaiiure from the circular form — of then mbits 
Theie is no sharp Ime of distmction between spectroscopic and 'NU'^sual 
binary orbits except that the latter have much longer poiio<ls and 
gencially higher eccentncities 

The information already ohtamed, and that which i\all in the near 
future be obtamed, about these spectroscopic bmary systems, has a 
most important beaiing on the problem of tlie constitution of the 
sidereal imiveise, and we must now come to consider recent pi ogress 
m oui knowledge of the extent and form and motion of its parts 
This IS ceitainly the most impoitant problem in astronomy, as practi- 
cally all obseiwing data, whether astrometneal or astiophysical, 
whether dealuig with the absolute positions, proper motions, and 
radial velocities of the stars, with their distances, dimensions, and 
densities, with their evolution and spectral type, or with the investi- 
gation of vanables and bmaiy systems, are all either directly or 
indirectly obtamed with this end in view and all are, undoubtedly, 
directly of use in its solution As I said in the early pait of the 
paper, there has been no time when so many different investigations 
were convergmg towaid tins end, and I vull tiy and give you some 
details of the principal results 

One of the most strilang of recent advances has been the discovery 
of star drifts and star streams m the sidereal universe These have 
been discovered by statistical methods applied in the discussion of 
the absolute positions and propei motions of stais and also by the 
aid of their i adial velocities The one man to whom we owe more 
than any otlioi the development of this woik is Prof. Kapteyn, who 
IS director of what is called the astronomical laboratory of Gronmgen, 
where the instruments of research are not telescopes and spectro- 
scopes but measuring machmes and mathematical tables, where no 
observ^ations are taken but photographs are measured and obseiwa- 
tions discussed I will try and give you a general idea of the present 
state of oui knowledge in legard to the motions of the stars Although 
wo call them the fixed stars the term is a misnomer, for they are all 
in motion. We can measure this motion m two components First, 
the motion at right angles to the line of sight, across the sky, deter- 
mined from successive observations of the stai’s position in the sky 
and measured by the change of position in seconds of arc in a year or 
a century The change of position vanes between about 9'' par 
year and 0; the average annual pioper motion, as it is called, for 
first magnitude stars being and for sixth magnitude about 
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or 4'^ pel centiin" Second, the motion hi the Ime of sight, or radial 
velocity, measured by the spectroscope, which again vanes between 

0 and about 250 kilometeis per second, the velocity of a faint star 
in tbe Southern Hemispheie dotennmed last yeai It is evident that 
ill onloi to get the line diUHdioii and velocity of a star we must 
kno\\, in addition to its ladial motion, its velocity in Ivilometers per 
second at light angles to the line of sight If its proper motion is 
laiowii this can be leadily computed when we know its distance, 
and hence we can obtain the direction and magnitude of its motion 

In deteimining these motions we have to remember that we are 
on a movuig body, the eaith, winch has a velocity of revolution 
around the sun of about 20 mdes pei second, and we must also 
remembei that the sun, winch is one of the stars, is also in motion. 
That this IS the case has long been recognized, and the direction of 
this motion was deteimmed fiom the proper motions' of the stars by 
Sii Wilham Heisch4 ovei 100 yearn ago The method of doing this 
can bo readily understood, for if we unagme the stars to he moving 
in all duections at random, it is, nevertheless, evident that in the 
poition of the sky wluoh we are approaching, the general tendency 
mil bo for them to open out, wlnlo they vnil tend to close m in the 
opposite chiection, and to diift backward at the sides Hence, if the 
motion of the stars is at landom, it is only a question of mathematics 
to determine the diiection and magnitude of the sini^s motion in 
space 

Ovei 20 different determinations, based upon the piopei mo- 
tions of difleient numbci's of stars, have been worked out, which 
all agiee reasonably well m showing the sun to bo moving toward the 
dividing line between Lyra and Ileicules just a little south and east 
of the bright stai Vega Tins pomt has shifted ainunff considerably 
between Ileicules and Lyia, but the last deteiimnation, from Bosses 
Prehinmaiy General Catalogue, issued only last year, places it where 

1 have just stared (R. A 270 5^^, Dec +34 3^) 

If we Consider, on the othei hand, a deteimniation of the apex of 
the SU 11 + V ay, as this pomt is called, deiived from the radial velocities 
of btans, we find it to be in a somewhat different position We have 
had three or four deteimmations of the solar apex from radial velocity 
measures, but none of these need be considered here except that 
obtained last year by Piof Campbell, director of the Lick Observa- 
toiy, the pioneei and foiemost exponent of accurate radial velocity 
determinations, whose methods have been univemolly followed and 
their accuiacy never excelled I place the results of his 14 years^ 
work os the most important astronomical result announced dnrmg 
the year In determining the velocity and direction of the sun^s 
motion, the radial velocities of 1,073 stars bnghter than the fifth 
magnitude, well distributed over the sky, were used, 1,020 of which 
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were determined by spectrographs at Lick and Santiago, 10 \\eie 
obtained fiom otliei observations and 13 weie of nebnlm •visually 
observed by Keeler The position of tlie apex, oi point towaid 
which the sun is movmg, is somewhere, about 7° south of that obtained 
from the proper motions of the stars (R. A 272^ ±2 5°, Deo 27 5° 
±3°), nearly 10° due south of Yoga 

Of the t-wo determinations, the one obtained from a thseussion 
of the proper motions is of the greater weight, for two leasons — ^fiist, 
the method is more suitable for detenmmng tUie( tion, second, the 
numbei of stais employed is considerably gi’eater 

On the othei hand, the discussion of radial velocities gives us a 
much more leliable value of the velocity of the solar system than 
proper motions The velocity from CampbelTs discussion comes out 
as 17 77 kilonieteis (11 miles pei secaaid), and this undouhtedly 
verj" neai the tiuth 

Many otliei inteiesting conclusions vveie leached by Campbell, but 
time will not peinnt me to dwell on them, and we must consider 
further the ciuestion of motion of the stars 

It is evident that if a c ompar ison of the motions of the stars shows the 
sun to be movmg toward Vega, then theappaient motions of the stars 
themselves must, on the whole, be to a pomt on the celestial sphere 
directly opposite. Such a motion of the stais, made up not of 
motions all in the one dnection,but of motions in all chrections ‘with a 
prepondeiance in one direction, is called a drift of the stars, and them 
is thus a drift of the stais due to the solai motion towaid or having 
as a})ex a point in the Southern Heimspheie nearly opposite Vega, 
with a velocity of about 11 miles per second 

About five years ago Kaptejm, fiom a careful examuiation and chs- 
cussion of the pioper motions of the Biadley stars, came to the con- 
clusion that there is not one (Lift of stars, that due to the solar motion, 
but two drifts, moving in difteient directions. This conclusion has 
been confiimed by Eddington, Dyson, Hough, and Halm, and the latest 
values by Eddington fiom the proper motions of Bosses Catalogue 
place the apexes of those two drifts as follows^ Drift I toward the 
constellation Lepus between Cams Major and Oiion, about 10° west 
of Smus (R, A 90 8°, Dee —14 6°, diift H towaid the southern 
constellation Pavo or away fiom the northern constellation Camelo- 
pardalis (R A, 2S7 S°, Dec — 64 1°) Pla finds that drift I is moving 
apparently nearly twice as fast as drift II and contains about 60 per 
cent of the stars 

When, however, allowance is made for the solar motion we find that 
these two drifts are moving, one toward the constellation Qiion about 
8° northeast of a Onoms (Betelgeux), E A. 94.2°, Dec. ±11 9°, and 
the other m the opposite direction; exactly as if we were in the midst 
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of two Sidereal systems interpenetrating one another — a very fas- 
cmatmg hypothesis 

This hypothesis of the two diifts deduced from a discussion of the 
proper motions of the stars is strongly confirmed by Campbell's inves- 
tigation of the radial velocities We should expect, if there are two 
drifts of stars toward and from this pomt in Orion, that the radial 
velocities of stars in tins and the opposite point of the sky should be 
greater than at points at light angles to these directions Campbell 
found that the velocities in the vertex and anti vert ex aie 33 per cent 
greater than at points about 90*^ from these 

Besides the two diifts of stars we have smaller groups of stars in 
different regions of the sky, all the stars in a group having a motion 
approximately in the same dnection and of the same velocity Such 
groups are quite different from drifts where there is only a pre- 
pondoiance of motion in one direction, and are called star streams. 
Perhaps an analogy may help to make the matter of star drifts, star 
streams, and solar motion clearer If you imagme yourself walkmg in 
a paik wheie there are many people moving about at random it is evi- 
dent that, speaking generally, the space between those you are approach- 
ing opens out, between those j’^ou are moving away fioni closes in, 
wlnle people at either side, on the whole, appeal* to move backwaid. 
The apparent motion of the mass due to your own motion is analogous 
to the star drift due to the solai* motion If among the people there 
are, say, a company of soldieis or a picmc party moving in a given 
direction we have an analogue of a star stream. 

It was first pomted out by R A Proctor, about 40 years ago, that 
five of the stars of the Dipper have proper motions in the same direc- 
tion and of approximately the same magnitude; and this stieam has 
within the last two yeais been thoioughly investigated by Luden- 
dorff, of Potsdam, who determined their radial velocities, and more 
recently by Herzsprung, who found that the stars Sinus and a Corona 
Borealis, as wall as some fainter stars, also belong to the group It is 
a comparatively simple problem mathematically to determine the 
mean parallax or distance of such a stream when we know the con- 
vergent point or apex and the proper motions of the group with the 
radial velocities of two or three of them The parallax of the five 
stars of the Dipper comes out as 0352", which is equivalent to a hght 
journey of about 90 years, while they are all moving at a velocity of 
20 kilometers per second toward a pomt m the southern part of the 
constellation Sagittarius (or — 303.2®, 36 6®). It is shown 

further that the stars of this group are at the same order of distance 
aparli as the sun is from some of the nearest stars — about 20 or 30 
light yeais — and that they are about 100 times as bright as the sun 

Another group or star stream has recently been found in the con- 
stellation Taurus by Prof. Boss, consistmg of 39 stars, forming a 
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roughly globular cluster about 15® in diameter. These stars are all 
moving vnih a velocity of about 40 kilometei's (25 miles) per second 
towaid a point in the noitheastern part of Oiion, about 35® fiom the 
center of the gioup Their paiallox, computed as before, is 0.025'^ 
or 130 light years distant Boss has calculated that in 65,000,000 
yearn they will form a globular cluster about 21' in diameter and of 
magnitudes 9 to 12, 

The most recent discoveries m star stieams Aveio given by Prof 
Kapteyn, at the solaAimon meeting, on Mount Wilson, last August 
He has found, by selecting from Bosses Catalogue all the stars of the 
Oiion type charactciized by the appearance of helium lines m their 
spectrum and so called since most of the stars m tho constellation of 
Onon aie of this class, that m a large legion of the sky they arc 
moving in nearly the same direction and at neaily tho same rate. 
This region contains the constellation Scoipio and Centaurus, ooA’-er- 
xng 4,500 square degiees and extending i oughly from 12^ to 18^^ K. A, 
to ancj fioiu Dec 0® to —00® In another region of 1,300 square 
degrees in Pei*sous fiom 2^ 50“^ to 4^ 30°^ R A and from 4-15® to 
H-55® m Dec , all the stam of the same tyjio are movmg m a diflereni 
direction. When motion of the sun among the stars is allowed for, 
Prof Kapteyn finds that these appai'cnt motions are equivalent to 
streams movmg in exactly opposite directions and at equal lates. 
He finds these stais are veiy distant from tho sun— fiom about 125 
to 500 light years 

It is e^adent that the sidereal umveise is a complex structure 
and having complex drifts and motions of stais and systems of staiR 
m its part. Wo may bo able to get a furtliei idea of the magnitude 
of the problem by consideimg some of tho recent results obtamed 
for stellar distances We all know, of coiuse, tliat the nearest fixed 
star, a Centauii, is slightly over 4 light years distant, about 275,000 
times the distance of the eaith fiom the sun, 25 millions of milhons of 
miles Theie has been a very marked acWance in lecent yearn in the 
determination of the distances of the stars, so that we now IcnoAV with 
reasonable accuracy by direct methods tho parallax or distance of 
about 200 stars There are several indirect methods, one of Avhich 
has been mentioned in connection with star streams, wlfich give us 
what may be called mean oi average parallaxes of groups of stars. 
I have not time to go into these methods, but it may suffice to give 
a couple of tables indicating in a general way the average distances 
of stars of different magmtudes and of different typos. If we take 
the blue stars, those of tho second magnitude are on the average 100 j 
of tho fourth, 200; of the sixth, 400, of the eighth, 800; of the tenth, 
1,600 ; and so on, hght years away, doublmg for a change of 2 mag- 
nitudes, while if we consider stars of different types we have from a 
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recent paper of Kapteyn’s that the average distance of fifth magni- 
tude stais IS foi the hehum stars 500 hglit years, for the hydrogen, 
300; foi the solai, 130, for the late solar oi fluted spectra, 270, and 
for the caibon or deep led stars, 4,500 light years 

Recent spectioseopic studies of some of the nebulas have indicated, 
from the fact that their spectia aie somewhat similar to our sun, 
that they are probably composed prmcipally of solar tj^e stars If 
we consider the Groat Nebula in Andromeda, which is a typical 
example, we aie foiced to the conclusion, if such is the case, that it 
must be thousands of hght years chstani and piobably foims a uni- 
yeme by itself. Indeed, it is piactically ceitam that the globulai 
clusters, hke that in Heicules, winch some of you have seen thiough 
the telescope, are compact aggiegations of stars whose aveiage dis- 
tances from one another aie of the same order as the chstances of oui 
sun from the nearer stais, say 5 to 20 light yearn, and, m that case, 
the clustem aie of the oidei of 10,000 light years distant fiom us 
It IS quite ceitam then that the visible sid('real umvei'se is of almost 
inconceivable dimensions and of a structure so complex that, although 
we aie giadually obtaimng a Imovvdedgc of some of the motions and 
some idea of its form and aiiangements in pait, we are yet fai fiom 
any clear notion of its constitution Yet when we con idei how the 
human mmd, though inhabiting for only a few years this minute 
planet, accompanjnng a compaiatively insignificant stai of the sys- 
tem, has been able to reach out to the mconceivable depths of space 
and reduce some of the confusion of stais to oideily systems, has 
been able to deduce the laws which govern these systems, thus unify- 
ing, in a certain dogiee, all the wondeiful phenomena of suns and 
planets, comets, fetal's, nebulae and clusters, mto one whole, we do 
not lose hope that eventually it will be able to much fuithei unravel 
the mysteiy of the umvcise 
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The recent contributions to the data bearing on the subject of the 
age of the earth have strengthened the e^idenco derived by two veiy 
different methods of computation ^ that based on the study of solvent 
denudation and that based on the accumalation ot ladioactn^e waste 
products in minerals Wliile the indications of both lines of uiquizy 
seem mdmduallv lendered more definite l)}^ these advaiii^esj the diver- 
gence m their final results have, if anything, become mtensified I 
propose m the following pages to review the opposmg methods, as 
bnefly as the many details permit, and to discuss the possibility of 
reconciliation. 

THE AGE OF THE OCEAN DERIVED FROM SOLVENT DENUDATION. 

Three recent contributions to tins subject have appeared' Pi of 
Sollas’s Piesidential Addicss to the Geological Socict3r of London, 
1909, a paper on prclimmaiy study of chemical dcniKlation,’' by 
F W Clarke (Smithsonian Miscellaneous Collections, vol 50, June, 
1910), ami a paper by G F Becker on “The age of the eaith” (Smillu 
sonian Miscellaneous Collections, vol 50, June, 1910) 

These recent discussions clnefly centei round the abC(‘riammen< of 
the true piesent rate of supply of sodium to the ocean The lunita- 
tions of the method are also discussed 
My own original estimate of the age of the ocean - was based on the 
only data then available — the estimates made by Sir Jolm Murray of 
the average chemical composition of iivei water and the probable 
total annual discharge of the rivers into the ocean Calculatmg from 
Its estimated volume and mean chemical composition the mass of 
sodium now m the ocean, and dividing this by the calculated amount 
of sodium entermg annually from the livers, the uncorrectod age of 

09 *1 nifihon \ was obtained To this I applied certam corrections, 

10 some of lucli I shall refer later. The final result of these correc- 
tions left the age as from SO to 90 rmlhon yeais 

t BepTmted by r<irinission, after revision by the author, from the Phtlosoplucal Moq Ixindon, 
S 0 , ’I ol 22, No. 122> septomb^, 1911, pp 36$-3ra 
3 Trans. Roy nablmSoc, vol.7,1899. 
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Prof. Sollaa approaclxes the question by a recalculation of the 
average amount of sodium discharged by the nvers annually. He 
finds that the added results available, as derived from the rivers of 
North and South America and Eitrope, give the uncorrected age as 
78 million years . After a careful and detailed discussion of the correc- 
tions, Sollas concludes that the age lies between 80 and 150 inilhon 
years, the latter figure being based on extreme assumptions. 

Clarke bases his discussion of the question upon what he terms the 
denudation factor, i e , the number of metric tons annually removed 
in solution from a square mile of drainage area. This is estimated for 
a number of important rivers of the world, accountmg in this way for 
a drainage area of 28 millions of square miles out of the total of about 
40 millions which dram to the ocean. The mean value found for the 
denudation factor is 68 4 tons. Assuming that tins denudation factor 
is a fair average for the whole, the entire matter m solution discharged 
into the ocean m a year is 2,735 millions of tons. From the chemical 
analyses of this saline mattei for the several rivers, an average com- 
position for each continent is found. When this is weighted for the 
quantity of water contributed by each contment, a final weighted 
mean composition is obtained which may be applied to determining 
the integral of the sodium passing annually fiom rivers to ocean. In 
this way it is found that 175,040,000 metric tons of sodium are annu- 
ally discharged mto the sea Clarke next finds the total amount of 
socUum in the ocean to be 14,130X10^^ tons My own lesults were 
based on a slightly higher value — 15,611X10^^ tons From his fig- 
ures, Clarke now gets the uncorrected age as 80,726,000 years 

Although the numerous analyses which go to build up tins result 
are not of equal value, there aio certain satisfactory features in the 
computation 

It IS explained by Clarke that in the wonderfully detailed analyses 
of the Mississippi by Dole and Stabler, taken along with them work 
on other great nveis of North Ameiica and with tho observations of 
Forbes and Skinnei for Colorado, data have been obtained for the 
United States which are not likely to be much alteied by any future 
analyses Twenty-two river basms enter into the mean for the 
Umted States, giving a mean denudation factor of 79 tons For the 
rest of North America an estimate only is possible, but, for reasons 
given, Clarke concludes that '^if we assume that 6 millions of square 
miles of North America lose 79 metric tons in solution per square 
male per annum, and that the composition of tho saline matter so 
transported is that found for the United States alone, we shall not bo 
very far from the truth.^^ Possessing thus a standaid based on the 
drainage of a great continent, wa feel confidence in our criticism of 
other data. The quantity of water thus dealt with is rather more 
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than one-^fourth of that supplied by the entire drainage areas of the 
earth 

It will be seen from the tables given by Clarke that the moan 
denudation factor of 68.4 tons is in good agreement with the stand- 
aid result from North America, nor is it very largely depai'tod from 
by the factom derived from other contments 

There can, I think, be little doubt that the results arrived at by 
Clarke and Sollas are not likely to be seriously disturbed m the 
future. It IS most improbable that they require amendment to the 
extent of 50 per cent This bemg so, we conclude that the uncor- 
rected estimates of the ago of the ocean as based on solvent deniida 
tion is of the order of 100 milhon years It remains now to consider 
the legitimate coirections to be applied to this figure. 

At the present moment the most nnpoitant aspect of this method 
of evaluatmg the age of the ocean is involved in its degree of reha- 
bility as affordmg a maximum value of the time elapsed since solvent 
denudation began. This pomt I shall therefore specially consider. 

The errors affectmg the crude result found by dividing the sodium 
of the ocean by the annual river supply, and tending to make this 
estimate too small, are: 

(a) Underestimation of the sodium now in the ocean. 

Q>) Neglect of sodium which at some period in the past may have 
been in the ocean, but is now removed from it 

(c) Overestimation of the legitimate river supply of sodium 

(d) Decreased nver supply of sodium m the past. 

Of these possible sources of '^rror {a) may be at once dismissed. 
The average depth and area of the ocean and its average chemical 
composition are sufficiently well known to preclude the possibility 
of any serious error. 

In considering (6) it is necessary to bear m mind the magnitude of 
the quantities involved The saline matter m the ocean would rep- 
resent a volume of over 4,800,000 cubic miles on Clarke's estimation. 
I have formerly pomted out that the rock salt alone would suffice to 
cover the land area of the globe to a depth of 122 meters In com- 
parison with quantities so vast all the salt deposits known sink into 
insignificance; nor is it likely that deposits adequate to enter into 
consideration exist. 

The erroi's refen ed to m (c) must be of the nature of cyclic sodium--* 
that is, sodium which circulates from the sea to the land and back 
through the rivers to the ocean. Cyclic sodium exists in the form 
of wind-borne spray, which, descending on the land v/ith the rainfall, 
augments that which is truly derived by denudation. In arid 
regions it may settle as dust, to be, under special circumstances, 
washed ultimately into the sea. Again, the sodium which the rivers 
— IB 
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may deriye from the anciont salt deposits wHcIl liave bean impounded 
from the sea is cyclic. 

The influence of wind-borne sodium has been fully discussed by 
SoUas, Clarke, and Becker There can be no doubt that it is rela- 
tively unimportant My own origmal correction was 10 per cent of 
the river supply. Becker, by examming typical cross sections of the 
isochlors, determmed for the rainfall of western North America by 
the United States Geological Survey, finds that an allowance of 6 
per cent is sufficient Sollas shows that these isochlors mdicate that 
but a small fraction of tbe sodium chloride of the American rivers 
can be referred to this source Clarke, by a somewhat different Ime 
of attack, concludes that a correction of 7 per cent on the sodium 
conveyed by the rivers of the Umted States is a maximum allowance. 
Clarke further considers that a correction for sodium chloride carried 
as dry dust is unnecessary 

In a paper contributed by me to the Geological Magazine (May, 
1900) I considered the possibihty of oceamc sodium existing dissemi- 
nated in the sedimentary rooks. Such sodium would be of course 
cyclic. It was easy to show that, even on excessive estimates of the 
occluded sodium chloride in such roclcs, taken m conjunction with 
their rate of removal by denudation, this source of supf)ly to the rivers 
is less than 1 per cent Clarke reconsiders the question and finds 
the allowance would not be more than 1 per cent Three per cent is 
regarded by Clarke as a maximum deduction for sodium artificially 
supplied in modern tunes to the nvers 

Oceamc salt deposits are not very abundant over the surface of 
tile earth, bemg generally confined to particular formations That 
they seriously affect the river analyses of all the great rivers of the 
world is m the highest degree improbable In any case if we deduct 
all the chlorinated sodium from the river supply we must include 
also all sea-derived sodium If we effect this calculation, we obtain 
an age of about 150 imllion years. I do not think it will be disputed 
that this figure is m its nature excessive. 

There remanis the possibihty (d) that the assumed umformity of 
past and present conditions is illusory, m other words, that special 
conditions now exist tending to brmg about an abnormally great 
river supply of sodium. 

The present is admittedly a period of large land exposure. This, 
however, involves a fact which must be held in mind At the pres- 
ent time the land area actually draming into the ocean is about 39.7 
millions of square miles. The total land area is, however, rather 
over 55 millions of square miles. It follows that about 30 per cent 
of the land area contributes nothing to the ocean. Or, again, the 
areas which are classed as rainless that is, which have less than 
an annual rainfall of 10 inches and have no runyoff — are es^feiated as 
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one-fifth, of the whole. Under such circumstances transgression of 
the ocean upon the land simply results in the dimmution or disap- 
pearance of the great continental desert regions It has been shown 
by Murray that it would require a vertical depression i datively to the 
ocean of 600 feet in order to reduce the existing land area by 26,7 
per cent. Penck; on the same data; concludes that a submergence 
of 200 meters would reduce the area 29 per cent A submergence 
of nearl}^ 1;500 feet is requiied to dmumsh the land area 50 per cent. 
It IS for geologists to judge whether woild-wde transgressions of 
these magnitudes obtained fci any long peiiods in the past So far 
as I knoW; paleography would not support such transgressions. A 
recent study of the Paleography of North America by C Schuchert ^ 
leads to the conclusion that the mean aiea of that continent through- 
out the past has been about eight-tenths of its pieseni aica In his 
Traits de G^ologie, De Lapparent; in a series of well-known restora- 
tions of ancient geography, shows how fai, as judged by the sedi- 
ments, there was tiansgression of the sea upon the land at various 
epochs. It does not appear that we can infer, even at the climax of 
the great Cenomanian transgression, that the existmg land was at 
any time covered to one-half its extent And mmdful of the fact 
that the area of denudation is m most cases much greater than that 
of deposition, when the latter is greatest the necessity of acfounling 
for the former involves the assumption that tracts of lan<l 110 '“," sub- 
merged were then exposed Without assuming the former exist- 
ence of lost contments in the central oceanic basins, there seems 
very strong evidence for the disappeaiance of foimcr land. The 
evidence is found in our own islands, m North America, in India, 
South Afxica, and Australia and elscwheie We have to recognize 
continual fluctuations, but the evidence for a prevailmg reduction of 
continental areas by as much as 50 per cent, or even 25 per cent, in* 
the past IS, so far as I know, not forthcoming. We might go tether 
and state that so great a diminution of existmg land area as 50 per 
cent certainly did not prevail m the past Such a reduction in- 
volves about 25 per cent of the present rate of solvent denudation 
and increases the age accordingly 
^Meteorological conditions, unless occasioned by a ptevnilmg change 
in the amount of solar heat, can not be supposed to have bteadily 
affected in one direction the rate of denudation It is worthy of 
note that the testimony derived from the solvent denudation of the 
continents shows that cliniatal conditions do not, within the limits, 
seriously affect the rate of solvent denudation This finds explana- 
tion m the extremely complex nature of the factom concerned m 
rock weathering and rock solution. Now, the mere abundance of 
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life tlironghout the world in every age since the Cambrian, and very 
certainly m pre-Cambrian times also, is sufficient indication that 
climatal conditions can not have been so extreme as to seriously 
inhibit denudation. It would be easy to cite evidence from sun- 
cracked sediments dating back to Torndonian times from teeming 
oceanic life now confined to tepid seas, but at vaiious periods of 
geological history inbabitmg every part of the ocean, and finallj’' 
from forest growth and insect life on the land, that there is no evi- 
dence for contmued lessened solar heat m past ages 

But existing soil conditions might be exceptional There are 
to-day great sheets of glacial clays spread over the northern lands of 
the earth May they not affect the river dischaige of sodium*^ 
The answer is to be found m the liver analyses It is sufficient to 
refer to the figures cited by Clarke m his Data of Geochemistry. 
There is no indication of excessive supplies from northern rivers 

I am not aware of any sources of error other than those now con- 
sidered It would appear that solvent denudation estimated in the 
only manner open to us assigns an age to the ocean which at its 
probable maximum does not exceed 100 milhon years. Assuming 
that cert am sources of error combmed to lower this age, for mstance, 
that more complete Imowledge will leveal a lessei sodium supply 
than has been determined on existmg data, that the cychc sodium 
should bo taken as somewhat more than we have assumed; that 
former fluctuations of land area on the whole pioduced an effect on 
solvent denudation; assuming all this, we might be somewhat out in 
our reckoning We have, however, neglected all those soiuxes of 
error tendmg to increase the age unduly Chief among these are 
the following Primitive sodium existing m the ocean; marine solvent 
denudation effected directly on the coasts and sediments; sodium 
supplied with volcamc ejectamenta; sodium supplied by submarme 
rivers and springs. For a discussion of these sources of error I must 
refer to the several papez's cited above It is generally conceded 
that any precise evaluation of their effects is not possible; so that a 
considerable margin must be left when considering the minor limit 
of the age of the ocean by this method. They certamly produce 
some effect as a set off to the corrections already dealt with. When 
all is considered, I believe it wiU be found that the most probable 
result based on solvent denudation is iOO million years, or close to 
this, and rather under this than over. It is against probability to 
add 50 per cent to this value We can only double it by appealing 
purely nncl simplv to the imagination for effects of which we possess 
no indica ion, and the existence of which is at variance with what we 
kao%\ 

The age as determined is based upon the summation of the sodium 
supph^d by the nvers durmg geological tune. This integral can, 
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obyiously, give us no information as to the relatiye durations of tho 
geologioal epochs The latter question can be approached in Wo 
ways. (1) By means of the stratigraphical column or measured 
maxima of delntal and chemical deposits, assuming that these were 
laid down at an approximately uniform rate, and (2) by the radio-* 
active method I shall first conaidei the former method. 

THE AGE FROM THE SEDIilENTAItY COLUMN 

As the result of the observations of geologists in many parts of the 
world, the maximum thickness of the strata deposited m the various 
geological periods may be estimated as follows: 


Kecent and Pleititoceue . 

Feet 

. . . 4, 000 


Phocene 

13, 000 


jMiocene . 

14,000 


OliQ^ooeue . 

12, 000 


Eocene 

20,000 


Upper Cretaceous 

24,000 

63,000 

Lower Cretaceous 

20,000 


Jurassic*. 

8, 000 


Tnaa. ... 

17, 000 


Permian . 

12, 000 

69,000 

Carboniferous 

s. 29,000 


Devonian 

22, OOO 


Silurian 

15,000 

03,000 

Ordovician 

- 17,000 


Cambrian. 

20,000 


Keweenawan . 

50,000 

58,000 

Anxmikiau , . 

14,000 


Huronian 

.18,000 


Archiean 

? 

82,000 

Total. 

.. - .. ...... 

335,000 


This compilation is due to Prof Sollas ^ 

It IS not probable that there will be m the future any very large 
amendment of these figures so far as they refer to post-Algonlvian 
time. The Jurassic, as Sollas observes, seems deficient. The* pic- 
Cambrian is the most obscure among the estimates. It claims our 
special attention, not only with reference to the thickness of accu- 
mulated sedimenLs, but m so far as the observations may throw 
light on the denudative conditions of the time. 

In no part of the world are pre-Oambrian rocks better developed 
and exposed than in and around the Archrean shield of Canada' and 
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fortunately no roclcs have been more carefully studied withm recent 
years The appearance of the monograph of Van Hise and Leith ^ 
places the known facts at oui disposal along with explanatory 
remarks of the most helpful character 

It will be remembeied that most American geologists now sub- 
divide pre-Cambrian rocks as follows 


Algockian 


■Keweena^\an 

Upper Huroaian (Animikian') 
Middle HuTonian 
Xowei Huroman 


. , /Laurentian 

Aicnsean \ 

IKewatin 


Prior to 1904 the Lower and Middle Huioman were together called 
Low^ei Huroman Alternative names for the three divisions of the 
Huronian are Lower, Middle, and Upper Marquettian, The lines 
represent unconformities 

A study of the recoided facts shows that the higher estimates of 
Kewecnawan rocks mcludc pieponderating amounts of igneous rocks, 
both effusive and volcanic. The time value of these matenals is prob- 
ably — ^nay , cei tamly — small Van Hiso cites a case whei e the accumu- 
lation of 7,000 to 8,000 feet of Hiuonian volcanic matenals is paral- 
leled by the collection elsewheie of 700 to 800 feet of oidmary sedi- 
ments ^ The estimates winch approximate to as much as 45,000 feet 
include some 30,000 feet of igneous or mixed igneous and sedimentary 
matenals.^ No sedimentaiy column thickei than 17,000 feet is cited. 

The Huionian, or lower division of the Algonkian, is nowhere, save 
in an early estimate of Winchell^s, found to embody more than 15,000 
feet of sediments Winchell’s estimate^ is obsciued by the nomen- 
clature, and W’ould seem to mclude Archaean rocks If his Marquet- 
tmn, which name ho applies to locks formerly known as Kewatm, 
includes Lower Huronian only, we have an estimate of 27,000 feet for 
this division The estimate would be umque The highest distinct 
estimate of Lower Huroman which I have found in the Bulletin is “a 
possible maximum thickness'^ of 16,000 feet, of which 5,000 feet are 
true sediments ® 

The ^Jgonkian generally is variously estimated, but in no case is a 
thickness greater than 50,000 feet cited. In the Coidillcias the Belt 
seiies — 30.000 feet — ^pius the Cheny Cieek series ina}” amount to 
moie It does not seem likely, however The foniiei senes chai- 
acterized by Van Hise and Leith as unique among the pre-Cambrian 
series of North Amenca for wide extent, thiclmess, and lack of defor- 
mation There is no apparent unconformity between the Cherry 
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Creek senes and tke gneissic rocks beneath.. In the Selkirk Range 
40;000 feet of deposited rock are recorded, but the correlation is some- 
what obscure, suggesting that its age may not be entirely pre-Cam- 
brian In Nova Scotia sedimentaiy rocks, probably Algonkian, 
amount to 26,000 feet The Canadian Hiiionian (equivalent to Algon- 
kian) has been estimated up to 60,000 feet. It is largely volcanic, and 
contams unstratified igneous masses 

It is remarkable that recent work has m many cases tended to 
reduce the estimates of eaiUer observers. Chamberlin and Salisbury ^ 
pomt out the habihty to ovei estimation which exists m these cases* 
These same observers state - 

The maximimi thickness of the system (Koweenawin) has been estimated as nearly 
50,000 feet, but it is not impossible that this estimate is an exaggerated one If it be 
correct, the Keweenawan is the thickest body of post-Archoean lock refen ed to any one 
period This seemingly incredible thickness may merely mean inclined deposition 
and subsequent lilting and sheaungand tlie estimate be altugethei correct 

And of the pioterozoic systems collectively in the Lake Superior 
region they wuite ^ 

If none of the eatunatea are exaggerated, there is an aggregate of more thau 00,000 feet 
of sedimentary rock m the proterozoic systems 

It would appear, then, that the Keweenawan at its maxnnum, so far 
as obspived, is less than 50,000 feet, and its true sedimentary thick- 
ness evidently considerably less The Huioiiian does not appear to 
have been reliably estimated as above 15,000 feet Together the maz- 
nnum estimates for the Algonkian aie not above 60,000 to 65,000 feet, 
inclusive of igneous materials In its gicat development in the Cor- 
dilleras it would appear that a maximum of 40,000 feet of true sedi- 
ments would be safe, on the existing data 

With the Archaean we are not here concerned Van Hise and Leith 
briefly suminaiize oui luiovvledge of the eaihei ioc1?e in these words* 

The Vlgonkun is characterized by well-ab&orted fragmental and chemical sediments 
gi^ i-iig o\ ideiLce of cxtcnyi\ e decomposition of laud areas and of the passage of normal 
cycles of erosion Igneo us i ocks are abundantly prc'^ent, but for the most part are sub- 
ordinate in amount to the uedunents The Arclitcau is cliaracteiized mamh by igne- 
ous ro(*ks viUi the sedimonU in very small quanti Li The -\jclnean scdiiuente, more- 
o\er, are frequently of ifacke type, and, so far as kno\vii, are not largely of the cleanly 
assoitcd kind*? rc«?ulting irom complete decomposition ^as in the Algonkian 

Similar testimony is borne by Chamberlin and Salisbury ^ 

According to the definition of Algonluan and Archgean we must 
draw a line at the base of the former as representing that limit at 
which geological time, as an era of sedimentation and solvent denuda- 
tion, began, ‘‘Tlie Aichsean was essentially a period of world- wide 
vulcanism, and in the relative proportions of rocks of igneous and sedi- 


1 Tcxtboolc of Geology, p 257 
»Loe cLt*, p 192 
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mentary origm represents a departure from the uniformity of condi- 
tions of later geological times ^ 

Tuinmg to the pre-Cambnan geology of other parts of the world we 
find that the Torndonian and Lewisian of northwest Scotland in 
then mutual relations and petrographical characters resemble the 
Algonlaan and Aich£ean divisions of North America The aggregate 
thicloiess of the Torndonian has been estimated at not less than 
10,000 feet To this the Dalradian has, possibly, to be added 

The pre-Cambnan rocks of Finland have been ivided by Sederholm 
as follows 

Jotnian 

Jatuhan, Upper 
Jatuhan, Lower 
Kalevian, Upper 
Kalevian, Lowei 
Bottman 
Ladogian 
Katarchsean 

Sederholm makes the same statement regarding the Jotnian, 
Jatuhan, Kalevian, and Bottman as has been made with reference to 
the Algonkian Sederholm says : 

At least ag far back as dunng Bottman time the chmatic conditions were not sensibly 
diherent from those of later geological periods, as shown by the existence of rocks which, 
in spite ot their metamorphic chaiactei, show themselves to be sediments with the 
same legnLir alternation of clayey and sandy material (annual stratification) as the 
glarial thys oi that same region, explainable only by assummg a regular change of 
seasons ^ 

The parallel suggested by Sederholm with the Lake Supenoi rocks 
ife as follows* 

Jotnian equivalent to Keweenawan 

Jatuixan equivalent to Animikian or Upper Huroman 

Kalemii equivalent to Lower Iluronian 

Van Else and Leith further suggest the correlation of the Ladogian 
and Katarchfean with the Kewatin and Laurentian, the Ladogian 
being intruded by the gramtes and gneisses of the Kata] chfean 

In Chma a basal complex of gneisses having very subordinate masses 
of sedimentary materials underhe four sedimentary gioups, oiigmally 
muds, grits, conglomerates, and hmestones, havmg, in fact, all the 
characteristics of the Algonlaan In short thi- pievailnig lelation 
of an older gneissic and dommantly igneous viih on luicon- 

formably overlying metamorphosed sedimentary 'volcanic 

1 Vau Hise md Leitli, loc dt , p SO* 
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series — ^which. again is divided by nnconforrmties — ^is a significant 
feature observed in many widely separated parts of tbe vvoilcl 

The above cited facts seem to show (1) that we are entitled to com- 
mence our reckoning of the sedimentary column at the base of the 
Algonkiaii, (2) that the existing sedimentary deposits of that epoch 
are probably not greater than the more or less concorJanr observa- 
tions from several locahties indicate, (3) that the early sedimentation 
was similar in character to that which proceeded in subsequent poiiods 
Although much is gamed by these deductions, it is difficult to deter- 
mine any approximate time equivalent for these ancient deposits It is 
true that there is no reason to suppose that their derivation proceeded 
at a different rate from more recent ones; their rate of accumu- 
lation, however, may have been and indeed probably was quickened 
by less stable crust conditions, permitting more localized depicssions 
and greater concentration The geographical disposition of i ho earliei 
sediments sometimes affords evidence of this There' are, again, 
several unconformities m the pre-Cambnan succession which do not 
appear to be represented in the known sedimentary accumulations 
Van Hise and Leith recognize the principal unconformity as separat- 
ing the Archaean from the Algonfaan. Adams, however, recognizes 
one of equal significance beneath the Upper Huroman T hrec uncon- 
formities occur withm the Algonkian That these are indicative ol 
considerable lapses of geological time is highly probable 
A discussion of the tune allowance for these early uncoiifoimitios 
would lead us too far into speculation It may be ob-ri vod lio we^-oi 
as regards the evidence foi prolonged periods of di niidalion d-'duerd 
from regional base levelmg, that the mstabihty of the eaily eiust 
must agam be kept m mind It is piobahle that the Algonkian 
mountains were not of the dimensions of th'''-""' '“f ■ d 

that, therefore, they were at once more in i mi 
lapidly lemov'ed Van Hise and Leith sugi. - i . . ■ . u- 

iies may i epresont as much sediment agam as now remains to observa- 
tion This, of course, can only be matter of opinion, and I have as 
far as possible endeavored to exclude what is purely mattei of opinion 
fi om tlu^ 1 e view of the sub] ect It would seem, howevei , i hat Sollas's 
estimate of 82,000 feet of sediment includes such an allowance as ap- 
peals possible to Van Hise and Leith 

Takmg all into account — and much has been omitted winch nnght 
be said upon the subject — it does not appear that Prof SoUas’s com- 
pLlalion of the stiatigiapbical colunm need be seiiously diatuibed 
If w'e double Ihe estimate for the Jurassic we at least j;end to i educe 
the possibihty of ciioi of deficiency in the thickness assigned to tins 
system This brings the column up to, say, 345,000 feet. 

What now, finally, is the time value of this enormous total Un- 
fortunately the average late of collection is a. very mdetcrminate 



qumtity. We are, I belieye, at liberty to assume that the rate of 
deposition and sinking was anything from, say, 1 foot to but a few 
mches in a century* A rate of accumulation of 4 mches in a century 
inteiprets the geological column as mdicatmg 103 millions of years. 
Three inches gives us 148 milhons The order of the time value is 
probably mdicated in these figures 

It is impoitant to note that the facts of solvent denudation place 
a quite definite hunt on the amount of sediments which have been 
formed dunng geological time The sodium which has reached the 
ocean has oiigmated m the conveision of igneous into sedimentary 
rocks It IS easy to calculate fiom the composition of a generahzed 
Igneous and a geneiahzed sedimentary rock and from the quantity of 
sodium ni the ocean that the denudation of about 84 million cubic 
miles of igneous rock, pioducing about 60 milhon cubic miles of 
sediment, accounts foi the sodium in the ocean Such a quantity of 
sednnentaiy lock would, if all was now on the land, cover the present 
land area (55 million squaie miles) to a depth of a httle over 1 mde.^ 
As it can be shown that somewhat less than a third of the sediments 
have been precipated as oceanic deposits,^ the average depth of the 
sedimentary locks on the land is less than 1 mile, about 4,000 feet 
The total sedmrentation thioughout geological time must berestiicted 
within this himt. Possibly the limit is too high, for theie may have 
been some sodium in the primitive ocean It is difficult to show 
wherein it is too low This hmit must define not only sediments 
which keep then recognizable characteis as such, but those which 
may possibly have been metamoiphosed beyond certain lococi iiju!> 
It IS significant that the guesses (for they can only cLi in to ^uch'i 
of several writers as to the amount of recogmzahle se^lin i j i opon ino 
land aieas, do not diverge veiy far fiom the suggest^ d limit- Tbu-" 
Van Hise thinks those rocks may be taken as on an average covermg 
the conLijieiits to a depth of 2 kilometers Clarke thmks that the 
sediments ceitamly do not occupy a bulk equal to the whole land 
extending above sea level This would amount to less than an aver- 
age of 2,411 feet deep over the continents The sediments in the sea 
would be additional to this ^ These estimates may be guesses, but it 
is improbable that they aie several times m error. The observed 
amounts of sediment are not then m discord with the hmitations 
imposed by solvent denudation 

THE AGE OF THE EAETH BT EABIOACTTVITT, 

The radioactive investigation of the age of the earth is based upon 
the accumulation in minerals of the inert products, hehum and lead 

The rate of production of luihurn a given amount of uianium 


I Tran^ Roy Duljlm Sul , ^ ol 7 ISHQ p 
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may be regarded as kaowri with coxisiderable accuracy It may be 
assumed that 1 gram of uramum m equilibrium giTes rise to, closely, 
10 7x10“® cubic centimeters of hehum (measured under standard 
conditions) per year Thonum and its products of change are just 
as widespread in occurrence as uranium The contribution of helium 
deriyed from the thorium group must, therefore, in most cases 
be also taken into account Paihng direct measurements of the late 
of generation of hehum by thorium, it is possible to estimate tins m 
terms of the output due to uranium by a comparison of the ionization 
effects of the two families of substances This comparison has been 
made by Boltwood Allowance has fuither to be made for the differ- 
ent ionizing activity of the alpha rays from the uranium and thorium 
series due to their differing velocity and lange The final lesult is 
that 1 giam of thoiia (ThOg) is equivalent, in its rate of production of 
hehum, to 0 203 gram of UgOg The “hehum ratio of a mineral is 
the hehum in cubic centimeters per gram of “total equivalents^ 
uramum oxide present This is the usage adopted by Strutt, In a 
recent paper ^ Strutt experimentally verifies this procedure by direct 
measurement of the hehum evolved by minerals rich in uramum and 
thorium 

The use of lead as a measure of geological time involves the assump- 
tion that Boltwood^s theory is coirect, i e , that lead is the final 
product of decay in the uranium series There is strong evidence in 
favor of this view Notably the fact that the atomic weight of 
uranium, less that of the eight alpha particles which arc known to be 
emitted duiing its several stages of disintegration, descends to that 
of lead The universal association of the two elements and the con- 
nection of this association with geological time, constitute further 
evidence 

The mass of lead generated m one 5 "ear per gram of uramum is 
easily found from a knowledge of the mass of hehum produced 
The latter, calculated from the volume, is found to be J 88x10"^^ 
gram. The associated lead -will be 1 22X10'“^*^ gram That is, the 
presence of one gram of uramum involves the production of 1 22 X 
gram of lead per annum A small correction may be required foi 
the exhaustion of the uramum 

The most obvious ciiticism which the radioactive method ‘^ugge^^ts 
may be embodied in the following possibihties* 

(a) Risk of the ongmal presence of helium or lead in the minerals 
investigated 

(5) Risk of loss of hehum or lead, or their gam from spurious 
sources 

As regards the first of these heads there is evidence that hehum 
or lead may be originally present in the substance. In fact, we may 


1 Proc Roy Soc , Ootober, 1910. 




m a general way consider that the same causes which lead to the 
segregation of uraminn or thorium most probably led to the concen- 
tration of other substances This at least is probable where^ as in 
the case of zircon, none of the substances dealt with are essential 
parts of the molecule of the mineral The magma or menstruum 
from winch the parent radioactive substances are derived may be 
very rich in hehum or lead, and the amounts of these constituents 
which enter into the min eral may be considerable It follows that 
the absolute value of the hehum or lead ratio involves the events 
attending the genesis of the mineral It is even qmte probable that 
substances crystalhzed out withm a plutonic mass, and which, at 
first sight, might bo thought secure from impurities of this sort, 
would be seriously affected Consider the case of a mmeral of early 
consohdation such as biotite It is held by many petrologists that 
the substances first to crystallize are not necessanly those whose 
molecules were first formed in the magma Biotite or hornblende 
may, indeed, crystalhze in advance of feldspar or quartz, but they 
do so in presence of abeady formed molecules of these bodies or of 
molecules winch are forerunners of these bodies If this weio not 
the case the adjustment of the alumina to the potash, soda, and 
hme which appear m the feldspars would be inexphcable ^ On tins 
view a clear explanation is found of the heterogeneous concentra- 
tion of elements m bodies of early consohdation These minerals, 
in a sense, are residual, receiving those elements which have been 
excluded from takmg part m earher molecular grouping. The final 
rcbull IS a forced isomorphism 

The same phenomena, on an mtensified and more demonstrable 
scale, appeal in the formation of pegmatitic minerals Here very 
often li may be inferred that mother hquors nch m the raier elements 
and the products rejected by the magma, generate on a large scale 
minerals which are quite subordinate withm the mass of the rock 
Exiriiclcd gases, under gieat pressure, also act under such conditions* 
In the internal cavities and druses of gramtes, doubtless, all these 
factors operate Undei’ such circumstances are generated the beryls 
and zircons which find then* way into museum collections 

In keeping with the conditions attending vem minerals Strutt 
found that such minerals from the Cornish granite contained more 
helium, relatively to the radioactive elements present, Lhan did tim 
granite itself, although the vem must be younger than the lock con- 
taining it. The fact, also shown hy Strutt, that beryls often contain 
a qmte unaccountable quantity of hehum, probably finds its expla- 
nation in tlxe origmal occlusion of this substance* 

Brdgger, in writing of the syenitic pegmatites of Noiway, concludes 
that the mineialb of the thontc-oraugite group, including urano- 

I narker, 1 he Natural History oflgueous Hocks, London, 1909, p 167. 
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thonte, crystallized in the first phase of vein formation, ''that of 
p\ filin' h*i -i'*. with the cooperation of pnenmatolytic proc- 
< — "i I'lj M second and principal phase of pneumatolytic 
activity galena crystalhzed out,^ If the undifferentiated magma 
has been fairly radioactive, may not the pegmatitic substances, 
representing a large part of the rejected elements of the magma, be 
rich in the products of radioactive decay ^ It would seem that we 
are reasonably entitled to expect this There might even be a cer- 
tain proportionahty between the amounts of radioactive bodies and 
segregated products of decay 

The results of the experiments themselves alone can mdicate how 
far sources of error of this land have operated The final ratio — 
whether of helium or lead — to the parent radio-active substance is, 
we may suppose, compounded of two ratios, a segregation ratio 
which obtamed from the first, and a generative ratio which kept on 
increasmg throughout geological time. Consider the case of lead. 
We have no prnna facie right to conclude that the origmally segre- 
gated lead is, relatively to the uranium, more for, say, ia'ch^ean 
mmerals than for Devonian If, then, the gross lead ratio for the 
former is very much greater than for the latter, the effect of the 
occluded lead must only exercise an insignificant influence in Jiivali- 
datmg the results regardmg Archaean time. To take a conciete 
example The assumption that of the total lead found m Devonian 
mmerals a quantity equal to 2 per cent of the uramum prr=out in 
each case is not of radioactive origin but was origmally M'lodiP'od, 
amounts to saying that one-half the ratio (about) is due lo ongjial 
segregation and one-half to radioactive genesis The time value of 
the corresponding deduction from Devonian time (as derived from 
the gross ratio) is about 160 million years A quantitaln ely equal 
correction applied to the ratio observed m Archaean i iip.ricd's imO 
not he' very important, as wiU presently be seen, Th-Jo-t. iheri wo 
have some reason to infer that the conditions attenmng iho forma- 
tion of the nuneials havmg the higher ratios were such as lo lead lo 
the inclusion of gu'ator rolotiye amounts of lead, the objection under 
this bond is ii(U ol. souous v'eight, at least in the case of the higher 
ages which have been airived at 

Acting either to inciease or cbinmish the observed deduced age, 
errors under the head (6) may exist The volatile escape of heham 
has been demonstrated by Strutt. Under past conditions of heat- 
ing and pel eolation etc , its escape is very probable On the other 
hand, the acciclion ol ladium is not impossible, for radium is known 
to migrate from its parent elements, and m considerable ainounis 
Lead is certainly at least equally hable to migration under suitable 

1 Brogger, Die Minerallen SyBnltpegmaui^gange, pt, 1, pp 160, 164, and pt 3, p 10. 




A^TNTJALi BEPOKT SMITHBOKIAH OTBTIT'UTIO^S’, 1911. 

conditions. These sources of error would also tend to go on aug- 
menting with the lapse of time. Unless, however, it can be shown 
that a special sort of selective absorption for one or more of the 
elements hkely to brmg in error is exercised within the minerals 
dealt with, the error can be apprised at its true worth by compara- 
tive observations upop associated substances which do not contain 
appreciable amounts of the parent radioactive bodies, and which 
have been exposed to like vicissitudes of history. 

The earliest determination of age by the radioactive method is, so 
far as I am aware, that made by Kutherf ord ^ The helium in a speci- 
men of fergusonite was determined by Ramsay and Travers as 
amounting to 1 81 cubic centimeters per gram The mineral con- 
tamed about 7 per cent of uramum From this Rutherford deduced 
the age as about 240 millions of years. The geological position of 
this mineral is not specified, nor is the possible influence of thorium 
taken into consideration 

The prmcipal development of the method by helium ratio is. due 
to Strutt, whose work upon the subject has appeared in five papers 
in the Proceedings of the Royal Society (1908-1910) These experi- 
ments deal with phosphatized fossil remams and nodules, haematite 
and other iron oies, zircons, and sphenes Some of these determina- 
tions are evidently not available as an estimate of the time smee their 
formation, bemg plainly deficient m hehum Such results of course 
strengthen the conviction that loss of hehum must occur m some 
cases. 

The results arrived at by Strutt are not always concordant. Thus 
we find two sphenes of Archgeau age and from the one locality (Ren- 
frew County) affordmg 222 and 715 millions of years; and again two 
Aichppan sphenes from the one locality (Twederstrand, Norway) 213 
and 449 millions of years Zircons show for Palseozoic tune 140 8 to 
321 milhons of years Here the lower figures are supported by 
results on haematite This one mmeral gives for the time smee the 
Eocene age S0.8, since the Carboniferous 141, and smee the Devonian 
145 millions of years. Limomte gives for post-Carboniferous time 
145 million years. These are closely agreemg results Other iron 
ores give, however, inconsistent results All are of course, recon- 
cilable if we assume that the lower results are m every case duo to 
loss of hehum. It is a little unfortxmate in this connection that the 
mmerals used tor the greater ages are more retentive in their nature 
(sphene and zircon) than the substances dealt with for determination 
of the lesser periods of time 

Strutt, in lus final paper, selects from his results the following as 
summarizing'the data of his earher papers 
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Years 

Sphserosidente from Rhine Provinces — Oligocene 8 it x 10® 

H'sematite, County Antrim — ^Eocene . . , . . 31 XIO® 

Hsematite; Foiest of Dean — Carboniferous Limestone . 150 XlO® 

Sphene, Renfrew County, Ontario — ^Archaean . 710 XIO® 


These are advanced as minimum values, the loss of helium being 
impossible to estimate. 

Boltwood first investigated the age by the accumulation of lead ^ 
Very high figures were obtained, ranging from 246 to 1,320 miUions 
of years Becker criticizes these results,^ pointing out that certain 
radioactive minerals of well-determined age (Llano Group, not far 
below the Cambrian) afford on the same principles ages which are 
quite incredible, ranging from 1,671 to 11,470 millions of years Bolt- 
wood questions the suitabihty of the minerals on the score of incipient 
or advanced alteration Becker in reply urges that there is no evi- 
dence to show that alteration can affect the ratios Becker considers, 
further, that Brogger^s views, as cited above, show that lead may be 
occluded as an impurity in such minerals, and that the amount of this 
impurity will vary from crystal to crystal, in accord with the results 
of the observations 

The subject of the lead ratio has been lately taken up by A Holmes ^ 
Holmes selects minerals from the intrusive nephelene syemte of the 
Christiama district, supposed by Brogger to be of Middle or Lower 
Devonian age; most probably the latter Seventeen minerals are 
investigated, among which are thorite, biotite, zircon, segerine, nephe- 
line, feldspar, etc The ratio of lead to uranium ranges from 0 041 to 
0 500 There is found to be an increase in the value of the ratio with 
diminution in the amount of uranium, a result suggesting the pres- 
ence of original lead. Holmes, accordingly, rejects about half the 
results (those which give the higher ratios) and finds a mean among 
eight results which range from 0 043 to 0 050. The mean of these 
gives for post-Lower Devonian time 370 million years. It must be 
admitted that this result is not entirely satisfactory; it contains an 
element of arbitrary choice, and although it is possibly 1 viio ihi I ibo 
minerals with least uranium contain too much original lead to be 
rehable, we are by no means sure that even larger amounts of origi- 
nal lead did not enter into the constitution of the others. The agree- 
ment among the ratios renders this improbable, however 

Holmes enters into the question of the geological positions of the 
results cited by Boltwood, and conclude'^ that they may be labulated 
as follows. His own mean rc-iiJl i=; incliicif (Wa the table. 
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Geological period 

PbAl 

MiUlons of 
years 

Carboniferous. 

0 041 

340 

Devonian 

1 045 

; 370 

Pre-Carbonlferous . 

050 

, 410 

Silurian or Ordovician 

053 

430 

Pre-Cambrian 




r 125 

1,025 

Sweden 




1 156 

1,270 


r 160 

1,310 

United States 

1 175 

1,435 

Ceylon 

20 

1 

1,640 


The Swedish minerals are from pegmatites of an age younger than 
Jatulian. The results obtained from them show, among 17 specimens 
examined, two well-marked groups, haying the ratios tabulated 
There is nothing in the rocks to indicate any difference in age Of the 
United States minerals, those haying the lesser ratio are fiom granites 
intruded into the Llano Group (Texas) of metamorphosed sediments 
Their age is, therefore, younger than the sediments, which nro early 
Aigonkian. Those with the higher ratio are from Burnet County, 
Tex,, and Douglas County, Colo The geological evidence is similar to 
that of Llano County. 

The evidence for the pre-Cambrian age of the Ceylon thoriamte 
is the resemblance of the rocks to the fundamental complex of India, 
The tabulated values are the means of several results cited by Bolt- 
wood, some of which are in closer mutual agreement than others 

These results greatly transcend Strutt^s in the antiquity they assign 
to Palaeozoic and pre-Cambrian time This fact can be explained by 
the escape of helium. The possibility of occluded lead entering se- 
riously mto such determinations wiU, doubtless, form the subject of 
future research Meanwhile it seems improbable that the higher 
average ratios of the oldest minerals can find explanation in this 
manner I have aLeady dwelt sufficiently, in view of our very 
deficient knowledge, on these points 

The discordance between the radioactive indications of time and 
those derived from the stratigraphical column appears clearly when 
we ploti one against the other (fig, 1) The a-^umT)tion maJo in pkd- 
ting the sedimentary thicknesses is that thc*-e. iiuer -e, arc rouidilv 
comparable as legards the rate of accumulation A- I Lave i-hiadv 
pointed out, this seems probable save in the case of the earlier pre- 
Cambnan sediments, which we might expect would have been accu- 
mulated more locally The thicknesses of the several strata I have laid 
out according to t/he data collected by SoUas, The radioactive times 
are plotted above the points on the base line to which their geological 
positions assign them. We have from the lead ratios two early^ 
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Algonkian results and two post-Jatulian results The Ai'chsean re- 
sults by helium and lead can not be located on the base line save by 
the indications of 
the other results 
If theie was 
accord between 
the stratigraph- 
ical column and 
the radioactive 
data, the lattei 
should be langed 
on straight hues 
which necessanly 
pass through the 
origin (present 
time) We find 
them, however, 
ranged upon 
curves I have 
plotted a rather 
excessive value of 
the age of the 
ocean as deter- 
mined by solvent 
denudation, erect- 
ing for this pui- 
pose an ordinate 
of 150,000,000 of 
years at the begin- 
nmg of Algonkian 
time Joining the 
summit of this or- 
dmate to the ori- 
gin we see that 
the curves for 
hehum and lead 
flow into tins hne 
-in recent peiiods 
If now we as- 
sume that the 
time indications 
of the lead latios 
are correct, we are 
presented with the following alternatives as regards the amendment 
of the sedimentaiy column 
38734°— 1911 ‘19 





We assume that the stratigraphical column for post-Caibomferous 
tune IS in actuality much as we have plotted it, and draw a right Ime 
from the origm through the three results for the age of Carbomfeious, 
Devoman, and Silurian-Oidovician peiiods as derived from the lead 
ratio This is equivalent to assummg that the eiror in the strati- 
graplncal record is to be sought mamly in the pre-Cambrian records 
We therefore plot the early Algonkiaii and post-Jatukan results on 
this line. We have now to make the following amendment on the 
recorded thicknesses of the pie-Cambrian sediments Algonkian 
sediments use fiom 82,000 feet to 381,000 and 441,000 feet (A^ or 
on the diagiam), according to which of the two early Algonkian 
results we select. Eeweenawan sediments rise from 50,000 feet to 
245,000 or 359,000 feet (K^ or Kg), accordmg as we select among the 
two Jatuhan results 

While it is true that important unconformities exist m the pre- 
Cambrian succession, the sedimentation equivalents of which are not 
found as yet, it seems incredible that amounts of sediments consider- 
ably greater than the entue thickness of post- Algonkian rocks and 
from 60 to 70 miles in cumulative depth can have escaped mvestiga^- 
tion There is another point The calculation winch equates the 
amount of sochum m the ocean with the estimated bulk of the detiital 
sediments, knowmg the loss by solution attending the derivation of 
these from the average igneous lock, has, as we have seen, been found 
to give results in fair agreement with the measurements of all the 
quantities involved The radioactive results must now postulate an 
amount of pie-Cambrian denudation much greater than would have 
attended the formation of the whole amount of sediment previously 
estimated Tins pomt is really quite apart from the question of the 
age of the ocean It is puiely one of loss and gam, of balance of 
accounts. Kor can evasion of the difficulty be found by asciibmg 
exceptionally local restrictions to pre-Cambiian denudation It is 
probable that none was more world-wide m its effects 
If these conclusions appear untenable, we may deal with the results 
in another way The ages found from the higher lead ratios may be 
placed at a reasonable distance from the base of the Cambrian and 
joined by a right hne to the origm To brmg them on to the Ime so 
determ i ned, the results for the Oarbomferous, Devoman, and Silunan- 
Ordovician must be shifted to the left This procedure is equivalent 
to assuming that while the total thickness ascribed to the strati- 
graphioal column is approximately correct, the proportionate thick- 
nesses assigned to pre-Carboniferous and post-Oarboniferous strata 
are erroneous; too much has been assigned to the latter. The read- 
justment of the strata mvolves dimimshmg the post-Oarboniferous 
deposits about 50 per cent and increasing the^pre-Oarbomferous by 
nearly 40 per cent 
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The assumptions involved in making these adjustments are inher- 
ently improbablej and it might be thought easier to assume that the 
time values of the post-Caiboniferous stiata were, as compared with 
the eaiher stiata, less This emendation lequiies us to assume that 
the more recent mateiials weie laid down about three tmies as fast as 
the earhei 

These aie the alternative modes of adjustment of radioactive time 
to the stratigraphical column, leavmg the latter on the whole intact 
If we assume that the recent sediments have been overestimated in 
thiclmess, we can, by discarding about one-half the lecoided thick- 
nesses since Caiboniferous time, produce an effect on the diagram 
equivalent to movmg the origin to the right With this particular 
numerical assumption the lead Ime will become steepei tlian it appears 
on the chait, and the early Algonkian pomt will remam at such a 
distance to the light of the Cambiian as vull ascribe to the pie- 
Cambrian sediments a thickness equal to that of the whole post- 
Algonkian accumulation 

The important question is, of course, as to how fai such assumptions 
are permissible consistent with any degree of piobabihty There is 
much that is unceitain about data respecting rock thickness, not only 
as regards the actual field observations, but as to the real sigmficance 
of what IS observed Agam, the relative time equivalents of deposited 
locks are not reaUy known to us Whethei it is a detntal sediment 
forming in an estuaiy oi a coral-reef building m deal water, the rate 
of growth must depend to some extent on the downward movement 
of the sea bottom, eithei induced by the load or takmg place from 
other causes Some sediments are, howevei, plainly of rapid and 
some of slow growth Amidst such considerations we find no very 
defimte grounds for numerical computation So far as crustal yield- 
ing affects the question, the probable inference is, as I have stated 
above, that the earher strata were m their greatest development 
more locahzed, and hence their time value should be less than the 
more recent As regards the veitical distribution of definitely fast 
or slow collecting materials, a careful comparison of the materials 
throughout the geologic column is required in order to gather any 
evidence that may be forthcoming fiom these indications At 
present, however, there seems nothing to support *the different time 
values or amended thicknesses which must be assumed if we are to 
adjust the radioactive results m any way to the sedimentary record. 

What will pmna facie appear most difficult to credit in the fore- 
gomg assumptions is the extremely slow rate which must be ascribed 
to the accumulation of the sediments even at their maximum. If 
the recorded depths of sediment have taken 1,400,000,000 years to 
collect, the average rate has been no more than 1 foot m 4,000 years! 
This seems mcredible, and if we double the depth of maximum sedi- 
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mentation it still lexnams inci edible But, if possible, stdl more 
mcredible is the conclusion respectmg solvent denudation to which 
ladioactive time drives us If the sodium in the ocean has taJcen 
1 ^ 400 j 000 f )00 years to accumulate j the nvers are now ieanng to the sea 
about fourteen Umes the average 'percentage of the past — not less than 
mne hmes It seems qmte impossible to find any explanation of such 
an increase 

With these diiFiculties in view it is excusable to diiect attention to 
the foundations of the xadioactive method and ask how far they are 
secure The fundamental assumption is that the paient radioactive 
substance, uianium, has always in the past disintegrated at the 
present rate Is this assured^ I am not now suggesting that the 
rate of change has been effected by exteinal physical conditions, such 
as heat or pressiue, but I assume that there may have been a different, 
and from the evidence as well as from piobabihty, a greater rate of 
decay in the past, arismg intrinsically, and ultimately due possibly 
to conditions of ongm 

I ventuie to suggest — I do so with difiidence~that our assumption 
of a constant rate of change for the paient substances — uiamum or 
thonum— IS really vuthout any very strong basis It lests upon 
analogy with the behavioi of the substances which have been denved 
from them But theie may be a veiy profound distinction The 
latter are of radioactive ongm That particular distribution of 
stability or of intimsic energy among the atoms of these bodies 
obtaining at the moment of them formation, upon which the subse- 
quent constant change rate depends,^ may be conditioned by the 
events of radioactive transformation, or by their past history, or by 
both In a word, a radioactive ongm may be essential 

Now we know nothing as to the origin of the primal y radioactive 
elements No substances of greater atomic weight are known from 
which they may be derived Nor is it unphilosophic to assume that 
they have had some other mode of origm, seeing that the radioactive 
ascent must terminate somewhere Uramum can not be regarded, 
therefore, as in all senses one of a seiies anymore than we should regard 
lead as such 

The matter seems to turn upon the legitimacy of the assumption 
that the mere existence of radioactive change progressing in the sub- 
stance involves such a particular distribution of instabihty among 
its atoms as will insure that a constant fraction of these disintegrate 
each unit of time from their first origmation— however this was 
brought about — tdl all are tiansformed. If such an hypothesis is not 
sufficiently secure to overbear the opposing evid^nco we mu=t 
to judge the former by the latter. In this case 1 reonmidruion of * 


1 See Sir J J Taomsan’s Rresldeatial Address to the Rritish Association, 1909. 
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transformation products m minerals, m place of being a measure of 
geologic time, serves to shed hght upon the rate of transformation 
of the primary radioactive bodies m the past Apait from its mterest 
m other respects, the importance of such a conclusion to geologic 
science would be great If we supposed the curve, found by plottmg 
the time results derived from lead ratios against the sedimentary 
thicknesses, represented an approximation to the facts, the late of 
change of uramum 150,000,000 years ago may have been many times 
what it now is The radiothermal effects of the whole series must 
have been proportionately increased, and the convergence of the 
radioactivity must have had an mfluence upon the secular coohng of 
the earth, 

July 18, 1911. 




INTEENATIONAL AIR MAP AND AERONAUTICAL MARKS ^ 


By Ch Lallemand,^ 

President of the French Association for the Advancement of Sciences 


1 PBELIMINARY ACCOUNT 

The dirigible air balloon, and more especially the aeroplane, which 
are scarcely out of the period of research and experiment, will soon 
enter into the area of practical politics To-day, stdl meie instru- 
ments of sport or of military reconnaissances, they will become, 
to-morrow, valuable means of transport It is time that aviators 
were given means for findmg their way, similar to those which, for 
a long time, have existed for navigation and travel 

Whether on sea, land, or m the air, the pilot has always before 
him the same triple problem to be solved. He must from time to 
time — 

1 Recognize his position 

2 Determme the direction of the pomt to be reached 

3 Rapidly estimate the distance remanung to be covered. 

For teiiestrial locomotion, the solvmg of these various problems 
was greatly simplified by producmg special maps for the use of trav- 
elers and by erecting along the principal routes easily visible signs, 
such as milestones, plates mdicatmg the names and distances of more 
or less remote towns, signposts at road junctions, etc But the mark- 
mg or buoymg of routes presupposes a course fixed m direction 
and limited in extent Admirably smted for travel by land, this 
system is stiU, to a certam extent, apphcable to coasting trade, that 
is, for sea voyages along coasts or m estuaries But, on the other 
hand, for travel on the high sea this method is unsuitable, and for 
aenal navigation quite useless m foggy weather or at mght In the 
latter case it is necessary to use a compass In spite of fog, darkness, 
or the absence of marks, the use of the compass enables the pilot to 
follow the desired direction, which direction has been previously 

1 British Association, Portsmouth, September, 1911 Peprinted by permission from The Geographical 
Journal, London, vol 38, No 5, November, 1911 

2 Xnspecteur-Gdn^ral des Mines, Oireoteur du Service du Nivellement g^dral de la France, Membre de 
rinstitut et du Bureau des Longitudes 
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marked of! on the map, and, in the case of aenal travel, determined 
by a piominent object on the horizon, such as a clock tower, an 
isolated tree, etc Knowing his speed, the pilot may, at any subse- 
quent time, roughly estimate the distance already run and approxi- 
mately deduce his proper position 
This position will, of course, be very frequently rectified, accordmg 
to the indications of the map compaied with the features of the terram 
The aviator will endeavor to recogmze chaiacteristic pomts, such as 
a high buildmg, for instance, or the crossmg of a canal with a railway 
Ime, or the Junction of two rivers, etc Now, the compass will not 
always suffice Unknown to the pilot, a water curient may cause 
the ship to drift, similarly, an unseasonable change of wmd may 
pull the dirigible or aeroplane out of its course, when travehng in 
log or above the clouds Both the seaman and the aerial pilot, when 
opportunity occurs, by the lifting of the fog or daylight reappearing, 
must recognize their position and, if necessary, rectify their loute* 
For this the seaman must make use of the sun or stais and deduce 
from their observation the geographical coordmates, that is, the lon- 
gitude and latitude of his position. Owmg to the rather precarious 
conditions of the arrangements on board it would be pretty difficult 
for aumen to use this method Foitunately for them tiavelmg over 
sea is rather an exception. They would be saved any reckonmg by 
placmg all over the country, at convement mtervals, aeronauUcal 
marks y that is, by writing, on the giound itself or on the roofs of build- 
ings (by means of conventional signs or very conspicuous numerals) 
the longitude and latitude of the correspondmg site. Having read 
these, the pilot with the help of a map, would be enabled to recog- 
mze bis proper position and to reckon the distance of his destmation, 
as well as its new orientation, that is, the inclination, to the meridian, 
of the new dfiection to be followed 
Notwithstanding every artifice, however, this method is still long 
and difficult enough, and would only be useful were it possible to 
exactly follow the arc of a great ciicle cuttmg the pilot's destmation 
which, as a matter of fact, is rendeied impossible by side wmds and 
terrestnal obstacles Airmen, like most seamen, will prefer to mark 
off the pomt on a map, or more simply to trace it on a simplified 
sketch, such as the mdex diagram (fig. 1, showmg the fittmg together 
of the sheets of the detailed map), upon which can be read the 
apnrpximation of both required elements — distance and orientation. 

For instance, an aviator flying over Bourges (the town marked by 
a black pomt at the bottom of sheet 72 of the mdex diagram) toward 
Pan (black dot in the lower half of sheet 39) would at once see that 
the distance remaining to be covered is nearly equal to 4 25° of 
latitude measured on the diagram Each degree b'Miig 07 ]>ii]('- long, 
the required distance would be roughly 285 miles Moreover, the 
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direction to be followed is 26"^ to 27° W of the meridian to the south, 
say, magnetic S 40° W (the magnetic dechnation at Bourges being 
13 5° W ) The compass should therefore show the complement, 
say, N 140° W. 

If necessary, this diagram could even sufSice for travelmg A 
straight hne havmg been drawn joining starting point and destma- 
tion, the pdot can see that his way will run successively nght acioss 
the upper left angle of sheet 62, then cross the lower half of sheet 61, 
theieafter cut the upper edge of sheet 51 about the center, pass 
through the right-hand corner of the lower half of sheet 50, cut diago- 
nally across sheet 40, graze the upper left corner of sheet 30, and 
finally end about the middle of the lower half of sheet 39 

Let us suppose that at any moment the pilot observes on the ground 
below a mark similar to that of figure 2, with the two figuies 5 and 0 
on either side, respectively, and with a laige dot occupymg the pioper 
position of the town of Angoul^me m the upper pait of sheet 50 of 
the mdex map He would at once conclude that he had deviated 
to the right of his route, and after a rough estimation he would mchne 
25° to 30° to the left But, in every case, a detailed map would be 
necessary for landing 

Havmg examined many systems, the permanent committee for 
aerial navigation of the public works department of the French Gov- 
ernment recently proposed for this map and for aeronautical signs 
the following solutions that seem to be the simplest ones and also 
the most likely to be adopted by other countries 

2 AIR I^IAF 

In order to attam the required object and to keep to the necessary 
clearness, an air map must show only the details required by airmen, 
either for findmg then way or for landing 

To the first category belong the characteristic geographical features 
of the terram, such as railways, main roads, channels, streams and 
rivers, lakes, forests, bushes, clumps of isolated trees, large areas of a 
similar cultivation, large boroughs with their outime and prmcipal 
streets, chimneys of factories, clock towers, high towers, and, briefly, 
all objects liable to attract the attention of the pilot from a distance, 
either by means of their shape, dimensions, color, or situation. 

To the second category belong turf pits, thick hedges, nrigation or 
dramage canals, electrical power Imes traversing fields, and generally 
aU objects liable to impede landing; and, in addition, gasometers, 
aerodromes and sheds where, if necessary, refuge or help could be 
obtained. 

In the opinion of all competent authorities, the scale of 1 to 
200,000 seems to be the most convenient one. On a smaller scale 
the map would be less clear; on a larger scale unwieldy without 
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appreciable advantage In many countiies maps on this scale 
already exist, but having been produced with special objects, either 
economical or strategical, they only imperfectly satisfy the wants 
of airmen. A new special map is theiefore necessaiy A provisional 
model, submitted by the Aero Club of France, showing specially the 
typical buildings by their profile in black, was adopted by the com- 
mittee 

At my suggestion it was decided that the new map should be a 
subdivision of the International Map of the World, on a scale of 1 
to 1,000,000,^ for the production of which, on the happy imtiative 
of England, a common agreement was recently airived at between 
the principal States of the civihzed world 

The ^Vorld map’^ would furnish index diagrams for the fitting 
together of the sheets of the “an map,^’ It would also be useful 
for drawing up schemes for long journeys, or for measuiing the dis- 
tance between two widety separated points and obtaining the orienta- 
tion of the hne adjoining them 

The world map^^ is to be designed with the meter as unit of 
lengths, and the meridian of Greenwich as origin of the longitudes 
The sheets are Inmted by meridians drawn out at successive intervals 
of 6"^, extendmg from Greenwich, and by parallels tiaced out at suc- 
cessive intervals of 4“^, reckoning from the Equator 

The meridian sectors, from longitude 180° east or west of Greenwich, 
aie given numbers from 1 to 60, increasmg in an easterly direction 
The zones, extending from the Equator on each side to 88° latitude, 
are given letters from A to V preceded by the words “north or south 
The polar areas are lettered Z Each sheet shall bear the name of 
the locahty or most important geographical feature on the territory 
represented, and in addition the number of the sector and the letter 
of the zone crossing each other on the sheet in question For example, 
the sheet of Pans will be named “ North M 31 

For each sheet the corresponding part of the terrestrial eUipsoid 
IS represented by a modified polycomc projection constructed on its 
central meridian The meridians are straight hnes and the parallels 
arcs of circles the centers of which lie on the prolongation of the cen- 
tral meridian, so that the radius of each one is equal to the generatrix 
of the cone tangent to the elhpsoid along the corresponding parallel. 
The alterations of angles, distances, and areas are practically small 
enough to be neglected 

On the other hand, the sheets of the air map will be hmited by 
mendians and parallels at successive inter v^als of 1°, reckoned from 
the same origms as for the world map Each sheet should cover an 
area of 1° of longitude and 1° of latitude Twenty-four sheets of this 
map will therefore cover the same area as the correspondmg sheet of 


1 That is not to say that the air map will he an exact amplification of the world map, hut nearly so 
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the world map on the scale of 1 1;000;000 As the scale is five times 
as laige, each of these sheets vail be of approximately the same dimen- 
sions as the corresponding sheet of the 1 1;000;000 map 

It IS necessary, however, to introduce a more simple method of 
notation. It is customary to distinguish between longitudes east 
and west of the initial meridian and between latitudes north and 
south of the Equator The nomenclature of the latitude and longi- 
tude therefore changes as one passes across either of these Imes of 
ongin. In other words, degiees of longitude increase to the right 
cr left from the mitial meridian and degrees of latitude increase both 
north and south from the Equator This notation is apt to cause 
tiouble 

In order to overcome this disadvantage, the committee at my sug- 
gestion has decided to number the longitudes from 0° to 360^ in an 
easterly direction, commencing from longitude 180^ east or west 
of Greenwich, and to substitude for latitudes polar distances meas- 
ured from the South Pole and reading from 0^ to 180^^ This is done 
m order that in the Northern Hemisphere, in which are situated most 
of the inhabited countries, the numbei may increase as usual from the 
Equator northward. Moreover, in the Northern Hemisphere the 
units of degrees would be the same for a south polar distance as foi 
the correspondmg latitude The units of the longitude thus adopted 
wdl be the same, between 180° and 360°, as they are now for longi- 
tudes east of Greenvach The tens of degrees, in the case of south 
polar distances, viU be increased by 9 umts, and in the case of longi- 
tudes east of Greenwich by 18 umts 

In the Southern Hemisphere the polar distances will be the com- 
plements of the coiTesponding latitudes, and in the hemisphere 
extending from 0° to 180° of longitude the new longitudes of places 
wiU be the supplements of the present longitudes west of Greenwich 
In addition to the usual notations, these new ones should be pnnted 
on the woikl map and on the index diagram, figure 1 

Each sheet of the am map will bear the name of the most important 
locality on the area covered by it and shall be numbered by the 
coordinates of its southwestern corner This number shows the 
number of degrees of longitude and south polar distances in the 
coordmates of any point in the sheet, and in order to obtain the com- 
plete coordinates of any given pomt it will be sufficient to add to these 
figures the tenths of degrees or minutes obtamed from the margmai 
scales 

The air map will be constructed on the same modified polycomc 
projection as that used for the world map. Each sheet shall 56 
centimeters, or 22 mches, high and from 41 centimeters to 34 centi- 
meters broad (m Prance). The corresponding breadth near London 
would be 12 inches Each sheet in France would therefore cover an 
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area of 111 kilometers, or 67 miles, north and south and from 82 to 68 
kilometers (61 to 41 miles) east and west 

In this system the distortion, which mcreases as the square of 
the distance from the central mendian, would be 36 times as small 
m the air map as m the world map, since a sheet of the air map covers 
only 1° of longitude instead of 6® As, howevei, the scale of the air 
map is five times as large, the eirors from this source aie reduced to 
one-seventh of those in the world map 
In order to facihtate handhng, each sheet should be cut m hah, 
the cutting hnes lunnmg east and west, each half measurmg some 28 
by 38 centimeters (11 by 15 inches) The two half sheets should be 
pasted on either side of a piece of cardboard, and should have the 
name and number of the sheet shown in a conspicuous manner 
The Aero Club of Fiance have 'piepared, this year, three trial 
sheets of this map, covering the aiea to be used in the next military 
maneuvers, with a view to obtaming the remarks of the aviator 
officers previous to publishing a final edition. 

3 AERONAUTICAL MARKS 

As has been previously mentioned, each mark shall show the 
approximate longitude and polar distance of the pomt over which 
the aviator is flying The sign adopted by the committee consists 
of haH a rectangle (fig 2) reproducmg, on a sufficiently large scale, 
the flame of the half sheet of the air map in which the mark lies 
The sides of this frame appeal as broad lines, except the side where 
the cut IS, which is shown by a fine dotted line, thus it is easy to 
distmguish between the upper and lower halves of a sheet. In this 
frame a laige black dot will indicate the correct position, on the sheet, 
of the mark of the ground 

The half rectangle is correctly oriented, the small sides, parallel 
to the meridians, bemg due north and south 
Two large figures, readmg toward the north, will be marked on 
either side of this rectangle, the left one giving the number of the 
umts of degrees of the polar distance, and the right one the number 
of the units of degrees of the longitude 

The combination of these two figures, forming a number easy to 
read and remember, wiU be sufficient to define the number of the 
corresponding sheet of the map, and to give the rough coordmates 
of the mark itself In every case where confusion might exist, each 
of the figures should be underlined 
Owing to the absence of the digits showing the hundreds and tens 
of degrees of longitude and polar distance, any two marks which are 
10^ or a multiple of 10° apart will have the same number. The 
disadvantage of this would not be of great importance For an 
airman to confuse two such marks would mean that he would make 
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an eiror of 10° of either longitude or latitude In latitudes between 
40° and 50° this error would amount to 1,100 kilometers (700 miles) 
of latitude, or fiom TOO-SOO kilometers (400-500 miles) of longitude 

In an aiea coveiung the whole of France, only the extreme points 
of Biittany and the Vosges will have marks showmg the same num- 
bers Consider, for nistance, the maiks numbered 39 m the environs 
of Pan The same niimbei as this, on land, would not occur agam 
nearei than pomts in Algeria, England, Belgrade, or Hamburg, and 
would not appear at all in Spam or Italy To mistake such dissimilar 
coimtiies would be practically impossible 

To deteimine the coriect coordmates of a mark, an aviator would 
only have to add to the number shown the hundreds and tens of 
degrees of polai distance and longitude. The remainder, with an 
error of perhaps a tenth of a degree (or a few nunutes), could be esti- 
mated by examining the position of the dot, with refeience to the 
sides of the mark The position of the mark could thus be estimated 
with an error of less than 10 kilometers (6 miles) in either direction. 

4 CONCLUSION 

The imtiative thus taken by France in produemg an air map and 
establishing aeionautical maiks wull very probably be followed by 
other countries In such a case it would be necessary to have an 
mternational agreement to give definitely the conventional signs of 
the air map and other details. 

In May last the cartographical committee of the International 
Aeronautical Federation, which met in Brussels to consider such 
questions, adopted in principle the meridian of Greenwich as the 
origin of the longitudes, a scale of 1 200,000 for the air map, and for 
the limits of the sheets, meiidians and parallels one degree apart, 
starting from Greemvich and the Equator, and decided that electrical 
power lines, which are so dangerous for airships and aeroplanes 
when landmg, should be shown on the map. 

As regards the aeronautical marks, this committee did not venture 
to select any one system out of the numerous ones that were pro- 
posed, and only suggested that the names of the respective locahties 
should be marked, in large letters, on roofs, especially on those of 
railway stations. As many stations, however, would thus show the 
same name, this would be a source of error and confusion; m addition 
to this, the aviator would have to consult a dictionary of names of 
boroughs, in order to find the number of the sheet of the air map which 
he requires. A system of marks showmg the cutting lines of the 
sheet concerned, together with an abbreviated distmgmslung number, 
seems to be much more precise, significant, and certam. It is there- 
fore to be hoped that sooner or later this system will be xmiversaUy 
adopted. 



GEOLOGIC WOEK OF ANTS IN TEOPICAL AMEEICA ^ 

[With 1 plate ] 


ByJ C Branner 


INTRODUCTORY 

In 1900 1 published a short paper on the geologic work of ants in the 
Tropics ^ Since then a good many additional observations, notes, and 
photographs have been made, and the most important of them are 
here brought together in a single article 

There are many brief notes on the woik of antg scattered through 
the writmgs of travelers m tropical countries, but these notes are for 
the most part repetitions of rather vague and sensational stories 
which make no claim to accuiacy of statement, so that they would add 
little or nothmg to the value of the article. No attempt has there- 
foie been made to use such notes except in so far as they seem to 
afford new or important coiroborative evidence At the same time 
it is reahzed that some of the thmgs that ants do m tropical countries 
aie so remarkable that those who have no personal experience of 
them may be pardoned f oi regardmg the stones told about them with a 
certam amount of suspicion For tins leason I have confined myself 
to my own observations and to some of oui most trustworthy scientific 
writers, such as Bates, Belt, and Spruce, who are naturalists to be 
taken seriously 

The best anyone can do who has not seen the work of ants m trop- 
ical countries is to turn to what can be seen m temperate regions 
But the work done by ants in temperate zones is, with a few excep- 
tions, of no geologic importance at all as compared with that done 
by them m some parts of the Tropics 
The work of the ants, m so far as it is of geologic importance, con- 
sists chiefly of their nests, habitations, refuse heaps, or mounds, above 
ground and their burrows, tunnels, passageways, and other excava- 
tions beneath the surface, and the opening up of the soil and the 

subjacent rocks to the various atmospheric influences 

.. .. - ■ — — — , — ■■ ■— 

1 Read before tlie GordiUeraa Section of tlie Oeological Society of America Mar 25> 1910 Hr nu^cript 
received by secretary of the society Apr 29, 1010 Published Aug 20, 1910 Reprinted by permission 
(condensed by author) from Bulletin of the Geo oglosl Society of America, vol 21, pp 449-496 
3 Journal of Geology, vol 8, pp 161-la} Chicago, 19f>0 
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In the United States we have very httle evidence of ants making 
either undergiound passageways or mounds of sufficient size or 
extent to have at ti acted much attention. Indeed, it seems to be 
geneially conceded by entomologists that the ants of the northern 
part of Noith America aie not as enterprising as those farther south, 
or even as those of Euiope Forel seems to have found the structures 
of our North Ameiican ants so insignificant that he avoided speaking 
of them as havmg mounds at all Certainly the httle ant hills we 
have seen m most parts of the United States are too insignificant to 
attract the attention of geologists In the South and Southwest 
they are somewhat moie conspicuous, and m the semiaiid portions of 
western Texas and m Arizona, New Mexico, and paits of California 
they have attracted not a little attention 

The western halves of Oklahoma, Kansas, and Nebiaska and the 
eastern portion of Coloi ado are inhabited by mound-buildmg prairie 
ants that are sufficiently abundant and sufficiently pugnacious to 
have attracted the attention of farmers and entomologists, if not 
geologists ^ 

In the Western States generally ants ai’e more abundant than they 
are m the East, but a writer on the ant hills of southwestern Wisconsin 
says that m that part of the country he knows at least a hundied 
so-called ant hills wilhm a radius of 5 miles, and he appears to regard 
this number as quite strikmg Their mounds, he says, are as much 
as 75 centimeters in diameter and 40 centimeters m height ^ These 
cases are mentioned simply for the purpose of contrastmg the size 
and number of ant hills m a region that seems to be regarded as 
pretty thickly inhabited with some of the typical localities m the 
tropical portions of South America 

Furthermoie, in the tiopical parts of Ameiica ants aie not the 
simple and easil}^ ignored insects mth which we aie acquamted m the 
tempeiate zones ol the earth Save in the cities, they aie almost 
ommpiesent To the housekeeper they are not only never-sleepmg 
pests, but they aie bold and defiant robbers or sneak thieves, as cir- 
cumstances requiie oi permit To the planters they are veritable 
plagues, they destroy the growmg crops as completely as if they had 
been burned over They do not wipe out a field of gram in a few 
hours as completely as do the locust swarms of Argentma, and then 
disappear, but they stay with their work right alongside of the crops, 
and with time they destroy them no less certainly Unlike the 
locusts, they do not come and depart, but they stay right m one cir- 
cumscribed ai'ea all their lives Farmha de ma^dioca, the meal pre- 
pared from the cassava plant, or gram of any kmd and of a size small 
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enough for them to cany, require to he guarded with constant care. 
I have known entire bagfuls of faiitxha de mandioca to be earned 
away by them. In short, the inhabitants have to be constantly on 
their guard against the ants, both indoors and out of doom, to say 
nothmg of the mere mconvemence of then presence Nor can their 
importance be legarded as wlinnsical in any sense, indeed, I am 
convinced that they aie social, and even national, factors that arc 
not to be ignored 

Nothing m the way of a biologic or systematic study of tropical ams 
is attempted in the present paper» However valuable such a study 
might be, it is the number of individuals, rather than the number of 
species, that concerns the geologists, though it is lecognized, of couise, 
that some species are much more active agents than others We need 
concern ourselves with only two laige orders — the true ants belongmg 
to the Hymenopteraj and the termites, or so-called white ants, neurop- 
teroid insects which belong to the Isoptera, and aie known all over Brazil 
by the popular Indian name of ^'cupim ” And nothing is attempted 
in the way of a study of the architecture of their nests and under- 
giound passages, save m so far as such details will give a better idea 
of the geologic bearing of these matters 

In studying the work of ants in the Tropics one is con-tantlv 
remmded of Mr Darwin’s studies of the work of Mi 

Darwin was able to give the quantitative lesults of his studies; in 
the case of the ants, unfortunately, quantitative lesults have not been 
possible The time occupied by them in domg a given amount of 
work vanes so much that quantitative observations, in order to have 
any value, would have to be carried on upon many colomes and for a 
long period of time The results given at page 316 aie an attempt ai 
quantitative determination, but it will be observed that it is not 
known how many mdividuals took part in the work or how long they 
were at it 

To illustrate this article especial pams have been taken to get as 
many photographs and sketches as possible of the above-giound 
structures of ants and termites, and the accompanying iliusti'ations 
have been carefully made from photographs, most of iliera taken in 
Brazil It seemed better to have the drawings made rather than to 
use the original photographs, in spite of the evident suspicion of 
exaggeration or alteration, whether intentional or accidental, to 
which all clrawmgs are open. This redrawing was the more necessary 
because the photographs were taken hastily and under many unfavor- 
able circumstances, and they are therefore often not good, or they are 
not available for reproduction photographs Abundant lUustia- 
tions are given because it is felt ihfit ihc'v sire ihe most trustworthy 
witnesses one can put in evidence regarding the subject. 

38734''— SM 1911 20 
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THE TEUE ANTS 
ABUNDANCE 

Although ants are not everywhere equally abundant m tropical 
South America, their numbeis aie so laige on an average as to 
promptly attract the attention of tiavelers, even when they do not 
» eoEcite their wondei. Residents, who might be expected to have con- 
servative views on the subject, often speak of them as the owners of 
the land. Such a remark is at fiist regarded as merely facetious, but 
the character of some of the writers who make it entitles it to serious 
consideration. As long ago as 1648 Piso said that the Portuguese not 
inappropriately called the ant the ‘ ‘kmg of Brazil ” ^ 

Mother natuiahst who spent some time in the country says, 
“Brazil IS one great ants’ nest ” ® Belt says, “They aie one of the 
greatest scourges of tropical America.” ® 

A Biazdian traveler says of the region of the upper Rao, Paraguay, 
“The ant and the different kmds of termites own the land.” * 
Another puts it in this fashion* “. . ants , . . dpiorve 1o 

be considcied the actual owners of the Amazon Valley far move' ih.ui 
the red or the white man ” ® 

These characterizations and others that might be given are so 
sweeping that, taken alone, they are open to the suspicion of being 
merely picturesque and extravagant ebulhtions rather than serious 
statements of fact. If they are based on some knowledge of the ants, 
these pxincssions seem to spimg from moie or less personal ammosity 
towin d tliO'C iiiMicts And yet this very ammosity, if it really exists, 
must come from a pretty uidform personal experience of them. Dr. 
Auguste Forel says that “the ant fauna of South America is perhaps 
the richest in the world from the systematic point of view.” ® In the 
book cited 440 species of true ants are noted as inhabiting Brazil, out 
of a total of 2,000 known in the world 
But though it is with the number of individuals rather than the 
number of species that we are concerned, it is worth remembermg that 
in many considerable regions a single species may occupy about all the 
ground space that it is possible for ants to occupy. A single species 
may thus fairly swarm and do a vast deal more work than several 
different species. 

The tiuo ants, evidently of a large number of species, are so 
abundant and are such serious pests m some places that the land is> 
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practically pieempted by them Travelers passmg the night in the 
open have to be constantly on their guard against colonies of ants. 
Fighting such colomes under the cncumstances is simply out of the 
question When one finds himself m disagieeable pioximity to them^ 
the only thing to be done is to move at once and leave the ants 
masters of the situation 

Bates, spealong of a certain species, says (page 354) 

TheBe Ecitons aro seen in the pathways of the forest at all places <^n the banks of the 
Amazons, traveling in dense columns of countleBS thousands 

On the Rio Tapajos, m the Amazon Valley, he noted the 

quantity of drowned winged ants along the beach, they were all of one specie^, the 
temble foi'miga de fogo {Mymixca smismna), the dead or half -dead bodies of which 
were heaped up in a line an inch or two in height and breadth, the lino continuing 
without interruption for miles at the edge of the water The countless thousands had 
beeU doubtless cast into the nvei while flying during a sudden squall the night bofoie, 
and afterwards cast ashore by the* waves ^ I was told that this wholesale 

destruction of ant life takes place annually , and that the same compact heap of dead 
bodies which 1 saw only in part extends along the banks of tho nver for 12 or 15 miles 
(op cit , p 206) 

I have seen similar accumulations of dead female ants on tbe lower 
SEo Francisco and the Rio Paraguay, near Corumba, and at two 
places on the shores of estuaries neai Aracaju, m the State of Seigipe 

Bates says formiga defogo, or fire ant, was so abundant at one 
place on the Tapajos that there was scarcely a square inch of ground 
free from them (Op cit., p 202 ) 

The only figuies I am able to give m regaid to the sizes of ant 
colomes aie the estimates given by Azevedo Sampaio, a Biazihan 
entomologist who has studied the sauhas He estimate^ tho colonies 
at fiom 175,000 to 600,000 individuals - 

DESTRUCTIVENESS. 

The destiuction wi ought by the tiue ants is confined chiefly, but 
vnf to agricultural products It is no uncommon thing to 

find ?pots where certain ants are so abundant and so il( uc' ivo thid 
the plantei's simply leave them alone Sometiioo-. it happon- that 
after dealing a piece of land, and heginmng their jiJMiuntr, the 
find the ants so destructive that those particular f'ohh jvo .‘ba uloTjrd 
In the coffee regions ceitam ants, popularly known as the saubas^ 
are so destructive that a systematic and unceasing war ha'^^ to be waged 
upon them in order to save the coffee tiees. But their attacks are 
not confined to coffee trees by any manner of means. They cut and 
cfirry away tho leaves of the mandioca plants, orange and lemon trees, 


1 H. W Bates Tlie natwallst on the River Amazons, :tih. ed , p 201 London, IS75. 
^ Azeredo Sampaio Sau-^ ou Manlin-udia, pp 50, 54 S Paulo, 1894. 
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and all kinds of garden vegetables Indeed, theie seem to be very few 
or no cultivated plants that they do not attack. 

They generally move along well-beaten paths that are almost as 
wide and as well defined as sheep paths m a pasture. 

The expense of fighting these ants is a really serious item m the cost 
of the production of Biazdian coffee A distmguished Brazilian 
plantei says, with perfect justice, that among the obstacles with 
which the planters have to contend ^ * there stands perhaps 
in the front lank the destiuctive force represented by the sauia ^ 

One can get some idea of the economic importance of ants in Brazil 
from the fact that m the seventies and early eighties an enormous 
number of pninleges or patents were asked of the Brazihan Govern- 
ment for machines and devices of various kmds for killmg ants, and 
especially the sa^ias. 

In 1857 the Provmce of Rio de Janeiroyoted a reward of $25,000 for 
the discovery of a means of destroying sauhas ^ 

It is impossible to keep things out of their reach on any large scale. 
Certain devices are used with moie or less success for protecting things 
mdoors when they are constantly watched, but standing crops or 
considerable stores require constant watchfulness and war. 

In regard to the saulas m the Amazon region Bates says* 

Tbis ant (the sadha) is seen everywhere about the subuibs, marching to and fro in 
broad columns From its habit of despoiling the most valuable cultivated trees o± 
their foliage, it is a great scourge to the Brazilians In some districts it is so abundant 
that agriculture is almost impossible, and everywhere complamts are heard of the 
terrible pest ® 

ATTACKS ON MAN 

Hhefonmga defogo^ or fire ants, are so called on accomit of the pam- 
fuhaeas of their sting When they are met with in laige numbers 
there is simply no withstandmg them 

One of the reasons for callmg ants the kings, rulem, and owners of 
the countiy is due to the vicious attacks they make upon all kinds 
of animals Bates tells of one case m which a town on theTapajos 
was aciufiJiy depopulated by ants of this kind. This statement 
seems so remarkable that it is quoted here at length ^ 

Aveyios was deserted a few years before my visit on account of this little tormentor 
{fcmAga de fogo), and the inhabitants had only recently returned to their houses, 
tbmking its numbers bad decreased It is a small species, of a shining icddi^h color, 
not greatly dilieimg nom the common led atmgmgantof ourowncounny 
rahra)^ except that the pam and irritation caused by its sting are much greatei 
The soil ot the whole village le undermined by it, the ground la perforated with the en- 
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trances to tlioii subterranean gallenes, and a little sandy dome occms heie and there^ 
where the insects bring their young to receive warmth neai the surface The houses 
are overrun with them, they dispute eveiy fragment of food with the inhabitants, and 
destroy clothing for the sake of the starch Ail eatables are obliged to be suspended 
m baskets from the rafters and the cords well soaked with copauba balsam, which is 
the only means laiown of preventing them from climbing They seem to attack pei- 
Bons out ot sheer malice, if we stood foi a few moments in the street, even at a distance 
fioni then nests, we weie sure to be oveiiun and seveiely punished, for the moment 
an ant touched the flesh he seemed himself with his jaws, doubled m his tail, and stung 
with all his might we were seated on chairs in the evenings in h out of the house 

to enjoy a chat with oui neighbois, we had stools to support our feet, the legs ot which, 
as well as those of the chaiia, were well anomted with the balsam The coids of ham- 
mocks are obliged to be smeuod vilh the Likaje in the ^ame \\ n to ]uc\cni the anis 
from paying sleepei'- a \ I'-il 

Anyone who wi^us to got u cleai iindoi'^tuiidoig of tlio boiiousnc’-s 
of the bite of the;^^ anlh sliould umd Dt baid Spuioe’s account of 
his personal expoiKwe of ihoiu ’ 

August 15, 1853 — Ve-ie»'di\ T luul iho pleavuie KjI the lust time or cxpenct^cmg 
the sting of the lauc black ant called tiu aiidoKi lu T ^ngoi C/eral x v v 

I had gone alter bieakiast to hcibon‘'e in the raapmra north oj San Cailo&, wheie 
there weie a good manv dci a \ ed Irii ^k‘^ ‘ ml stumps I si oo])ed down to cut ofi s patch 
of a moss on a stump, jud remaiked that bv so doing i exposed a ^ h, 

lottcn wood, but v hen 1 turned me Hi pul the mo^s nil i iu\ i 'is( nh I 
that, a feinng of anci\ Hifaiidma" poured uut ol the opening L had n.ade I 
speedily made av ire oi it by a pi uk in the thigh, vhich T suppo'^ed to becau‘^ed 
by a snake until, spiinging up T that m\ met ?nd legs veie being covered 
by the dreaded tucandein There uas noihuig bin fhirht tor ii, and I accordingly 
lan off as quickly is 1 among the entangling bi-aiuhe'- and finallv succeeded 

m beating off the but imt bcruic I lui'l been <lieLdiul4 fctung about the feet, 
for I wore only slippcus withoiu IiglI- ind ihetc ( ame ofi in me miisgle I ivao 
little more than five irnnutti v ilk iroiii mv hoii''e, ' and I vished to walk 

rapidly, but could uui 1 v is v\ agonies uid had muf li to do to ketp iroin ilnowing 
myself on the grouml and i oiling aboni I had the Indian*^ do whm Miflering 
from the c ilu" am ' ■* 


liLXLnCIAf AM^ 

JTot all the atits, ho^\e\ oi, aic to be lookofl upon as> ptsls (Vrtaiu 
carBivoTous-ants nro lathor to Ix' icgaided as Ix'uefuuul to airiioulturo, 
and to mauldnd gcneiullv, ou account of theu clostinctioji of caLcjpil- 
lais and othei noxious insects In difctiuts ('otton* 's 

tho laivflc ot the cotton motlia are kept m diock bv ^ hv' i\n\^ uv oyiiii: 
the young ones, o^pecialh during tho eail} jiait ol ihe '.ea^^oji 1'he 
invasion of houses bv ant eolomos is a common c>c(*unenoo in evoiw 
part of Brazil Oidmeiily these im fi'^ious ure only tcmipoi ai v T)m- 
ing the hour oi two when tlioso ants svaini thiougli one’s hoii^^e oi 
rooms they are ceitamly anuo\mg, but they soon disappear; and one 
feels that he has been iebo\eci to a consideiablo oxtonl from the cock 
roaches and other more offeusr'e and moie senous plagues. 

I Bicliard Spruce Xou.** of a bouvBi a on tho ATna/xin and Andc^ ol 1, pp 362--;t 4 LoticlOii, 1008 
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Many writers have described the operations of these ants, but the 
following, quoted from Dr. Richard Spruce, will give a clear idea of 
them: * 

One morning soon after buiiribe the hut was suddenly filled mth large blackish ants, 
which ran nimbly about and tried then teeth on everything My charqui proved too 
tough for them; but they made short woik of a bunch of npe plantains, and rooted out 
cockroaches, spiders, and olhei such like denizens of a foiest hut So long as they 
were left unmolested they a\t>Kled the human inhabitants, but vheii I attempted to 
brush them away they fell on me by hundreds and bit and stung fieicely 

Thomas Belt lias a good deal ou the swarms of ants m Cential 
America, The following extract is from his ^ ^Naturalist m Nica- 
ragua/^ page 17 

One of the smallei species -pTedator) used occasionally to visit oui house 
and swarm over the floors and walls, searching eveiy cranny and diiving out the cock- 
roaches and spiders, many of which weie caught, pulled, bitten to pieces, and earned 
off The individuals of this species were of various sizes, the smallest measunng one 
and a quarter lines and the largest three lines, or a quarter of an inch 

I saw many aimies of this, or a closely allied species, in the forest My attention 
was generally fii’st called to them by the twitienng of some small birds, belonging 1o 
several diffei'hnt species, that follow the ants in the woods On appnjaching, a dense 
body of the ants, tliiee oi foui vaids wide, and so niimeioub as to blacken the giound, 
would be seen moving rapidly in one direction, exumiung eveiy ciannv and undez- 
neath eveiy fallen leaf On the flanks and in advance of the num body smallei col- 
umns would be pushed out These smallei columns would generally first flush the 
cociioaches, grasshoppem, and spiders The pursued insects wmuld rapidly make off, 
but many in them confusion and teiroi would bound right into the midst of the main 
body of ants 

Bates has the following regarding the Ecitons, page 354* 

When the pedestrian falls m with a train oi these ants, the fir^ signal given him is 
a twif tenng and lestless movement of small flocks of plain-c ole red biuU (ant thru'^hes) 
in the jungle If this he disregaided imtil he advances a few steps raiiliei, ho is ^iiie 
to ft.U 'ii'« 1'o» Id'-' and find hnnaeli suddenly attacked by numbeis of the ferocious 
JiiMe a L'"'- 'Ihey swarm up his lege with incredible zapidity, each one driving 

1)1 jt-- 01 -'ike ! " ^ into his skin, and with the pm chase thus obtained, doubling in its 
tail, and stinging with all its might Theie le no coui'se left but to luu fur it; if he is 
accompanied by natives, they will be suie to give the alarm, ciying, ‘‘Taudcal ” and 
ecampenng at hill speed to the other end of the column of ants The tenacious insects 
who have secured themselves to his legs then have to be plucked off one by one, a task 
which IS generally not accomplished, without pulling them in twain, ru T ] v’- ’ Ik nP 
and jaws sticking in the wounds 

The errand of i}>e vast ant armies is plunder, as in the case of Eciton legions; but 
from iheii moving always amongst dense thickets, their proceedings are not so easy 
to observe as in that species "^eiever they move, the whole animal woild is set in 
commotion, and every creature tries to get out of their way But it is especially the 
various tribes of wingless insects that have cause for fear, such as heavj^-bodied spiders, 
ants of othei specieb, maggots, caterpillars, lai vse of cockroaches, etc , all of which live 
under fallen lea'* es or in decaying wood The Ecitons do not mount iciy high on 
trees, and theiefore the nestlingb oi buds noi much incommoded bv them 


‘ Biciiard Spruce Xotes oi a boiauji:! on tl’c -biiazon and \Eclea, \ ol 2, pn oTl-GTl I oudon, l^os 
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ANT8 AS FOOD 

In tile Amazon legion some of the ants are even used by the Indians 
for food 

The head and thorax aie the parts eaten, the abdomen bemg nipped off (at San 
Caxlos I constantly see them eaten entne), and it is eaten uncooked The taste to me 
IS strong, fiery, and disagieeable, but those ivho have eaten the bachdco fned m tiutle 
oil tell me it is quite palatable ^ 

Orton ^ says the eaten by the Rio Negio Indians^ and 

esteemed a luxury, while the Tapajos Tribes use them to season their 
mandioca sauce 

In the more thicldy settled parts of Brazil the custom of eatmg these 
ants IS either not practiced nowadays, or, if it is, It is not generally 
known In the eaily histoi y of the coimtry, however, when the native 
Indians were much more abmidant than they are now, the custom 
appears to have been common 

STRXJOTTIRES ABOVE GROUND 

Origin of the structures — ^The word ^^nests^' frequently applied to 
the superficial structures of ants should not be undei*stood to mean 
nests in the ordinary signification of the word. These structures 
sometimes contain the queens, eggs, and larvse, but at other times 
these are kept m excavations below the surface. 

The mounds made by the true ants all begm as small funnel-shaped 
ridges around the excavations started by individual females. The 
large mounds are the results of the work of many generations and of a 
vast number of mdividuals 

Without going into any detailed description oT the habits of the 
ants, it IS worth while to give, for those unfamiliar with their habits, a 
geneial idea of the methods followed by these ants in establishing new 
colonies and m mcreasmg them When the swanning or mating sea- 
son of the sauha ant comes, the young females leave their homes and 
fly away They seem to fly about very much at landom — at leasL, I 
ha\e rarely seen them gomg m any particular direction — and when 
they have boon seen gomg togethei it was apparently duo to the direc- 
tion of the wmd or the position of the sun at the time, xalhei' than to 
any defimte purpose on their part. 

When the female alights after a flight of only a few minutes, she 
breaks off her wmgs and at once falls to work at excavating a biuiow. 
All lands of places are selected for these burrows. It does not appear 
that the selection is dehberate, but it seems to be deici mined by the 
accident of alighting from an aimless flight. Judging fiom the large 
number of inchvidual females I have Iroquently seen in the air and on 


I Richard Spruce Motps oI a boiauist on ILe .Amazon and Ancles, \ ol" 1, p 181 London, £908, 
- James Orion, llie Andes and the Aiaa70n 3d ed , p 301 Nc^v York, lS7b 



312 ANlsrXTAL BEPOBT SMITHBOl^IAlSr INSTITOTXOH, 1911. 


the gi'oimd at one time, the great majority of these young colonies 
must fail to surviye. Often I ha.ye seen the young females so abun- 
dant that there must have been an individual to every square meter 
of land surface over areas of many hundreds of acres 

In some places where the new arnvals alight the mounds are 
already so tluck that there is little or no loom for new colonies, and 
it is probable that some of these young females must either be adopted 
into the old colonies or they are lolled or die ^ 

It is evident from the natuie of the case that where such a large 
number of new colonies is started most of them must perish from 
mere oveicrowdmg, if for no othei leason 

The excavation first made by a young female is small and simple, 
and the eaith taken from ifc is heaped about the openmg without 
any apparent order Dr. Huber, in the paper just cited, states that 
at Para, xn a colony started by a smgle female, the first workers 
appear at the end of 40 days Shortly thereafter the queen, or 
founder of the colony, ceases to be an active woiker, and all subse- 
quent excavating is done by the constantly mci easing immber of 
workers. As the colonies mcrease m numbeis moie undoiground 
room is required, and the amount of earth excavated and carried to 
the surface inci eases pioportionately This earth is bi ought to the 
surface in the jaws of the workers m the form of small pellets which 
are thrown down apparently without any other object than to be rid 
of them Sometimes they are heaped up in funnel-shaped pits; 
sometimes they are thrown out on the downhill side of the openmg 
At fiist these bits of earth form heaps of loose, incohoient matcnal, 
but m time, and with ram and sunshine, it packs down until it is 
often as hard as m unbaked brick. As long as the colony is active 
and growing, additions are constantly bemg made to these aernmu- 
lations, and these additions may be at any point over the sides or 
at the top Passageways are either kept open through these heaps 
of earth or they are reexcavated This is demonstrated by diggmg 
into the mounds, but it is evident without opening them, from the 
fact that the fresh mateiial is brought out and spread over any and 
all parts of the surface. 

of the mounds — It might be inferred that there would be 
practically no limit to the size of the mounds built in this fashion, 
and I am not sure that there are any limits save those which may be 
imposed by cerfam physical conditions, such as the amount and dis- 
tribution of the rams, the character of the sod, the area over which 
the necessary plants or food can be obtained, etc Of course, the 
mounds are of different sizes according to their ages, but conrid- 

' lust ho\T ooion.es 0 / saubas can be established oj a smgle femPlo is described by Dr J II.->bor In 
Blologlsches Centxalblatt, \ol 25, pn GOO-OtS, 621-637, and in Uie Bolotiiu do Afuseu Qoeldi, yoI 6, pp. 
223-241 Para, 1907-B .A,lfio in the Annual Kciiort ol the SmithsonicUi Institution for 1906, pp 355-^67 
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enng only the largest and oldest ones made by a >single species, and 
found m yanous different localities, it is notewoithy that there is a 
great difference in the sizes of the largest of them Just what detex"- 
mines this vanation I can not say positively, but the influences 
referred to above — that is, rainfall, charactei of soil, and vegetation — 
naturally suggest themselves as possible influences 

Nowhere do I remember to have seen more or larger ant hills than 
along Eio Utmga, in the diamond regions of the interior of the State 
of Bahia From the town Riacliao, down the nver to the village of 
Pegas, the examples are big and abundant In a few places they are 
so close together that, big and httle, they appear to cover half of the 
ground. My notes, written on the spot, say ^^more than half of the 
ground Such places, however, are exceptional The distribution 
IS always more or less irregular — bunched apparently on account of 
characteristics of soil or dramage, or for some other reason that does 
not appeal In some areas of from 10 to 20 acres the ant hills 
occupy from a fifth to a thud of the ground, while over larger tracts 
they take up from one-eighth to a seventh of the ground In height 
the mounds are often as much as 5 meters high, with bases 15 or 16 
meters m diameter In the forests these mounds are generally over*- 
grown with young trees On many of the big mounds I have seen 
trees more than 30 centimeters m diameter At the village of 
Antomo Jose the j^^oplo hai (' plan i oil pmeapples upon the mounds. 

At fazenda Bello Horizonte, about IS lalometers north of the village 
of Pegas, the ant hdls are so large and stand so thickly upon the 
ground that they form one of the most striking illustrations I have 
ever seen of the work of these msects An area of some 30 acres or 
more is there covered with mounds resemblmg haycocl^ They 
probably average 2 meters in height and a diameter of 4 or 5 meters 
at the base 

At a place called Ponte Nova, on Rio Utmga, 8 Inlometois north 
of the village of Pegas, the ant bills are a remarkable feature of the 
landscape To the east and northeast of the Protestant college the 
mounds covei the old fields. One of the aeoompaimog photograplis 
(fig. 2, pi. 1) and text figure 1 were made in this region 

Six kilometers north of the station one was found by measurement 
to be 1.8 meters high and 4 5+ meters wide at the base This 
mound was not regarded by the people of the locality as anything 
unusual 

To the cast of Seirmlia several mounds were observed with a height 
of 3 melers and a. diametei at the base of 10 meters Thesie mounds, 
therefore, contam each 78 5 cubic meteis of earth. 

Along the western half of the Bahia and Mmas Railway, that starts 
from the coast near Caravellas, in the soulhern part of the State of 
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In soino placets they stand so close that then.' bases touch each other, 
though such cases sippear to be rather exceptional The mounds in 
this part of Minas and Bahia that appear to hare reached their foil 
development range from 1 to 4^ meters in height and from 3 to 10 
meters m diameter at the base. The biggest of these mounds — 
that is, one 4 5 meters high and 10 meters in diameter — contains 
approximately 117 cubic meters of eaith 
At one place in the Rio Utmga legion, where tlie forests had been 
cleared away so that the mounds were clearly visible, I selected a 



no 2— Ant lUlI (Forniiga Re roandioca) near Mundo No\o, SLau* of llihif', Brazil 
CFrom a photograph "by R CrandaU, 1907 ] 


spot wheie they weio strildngly abundant, and mea^uung a space 
100 by 100 meters, as ne^iily as it could be done by pacmg, counted 
the mounds wittiin tlic area and esUmated then* heiirhls anci dniin- 
eters at the base. 

The slopes of these mounds vary from less than 30 degiees up to 47 
degrees, and on some parts of them^ there are even perpend iciilai* 
places. It was thought that 38 dogi‘ee& was a Liii civtuagB for the 
ones in this particular area 
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The figures obtained are given in the table below 

of areas and cubical contents of mounds of different siees mthtn an area of 10,000 

s^aremeteis « 

[All measurements are m meters ] 


Number of 
moxmtlb 

Diameter 
of base 

Area of 
eaeblu 
square 
meters 

Total area 
in square 
meters 

neiglit 

Cubical 

contents 

Total con- 
tents m 
cubfc 
meters 

1 

15 

17G.71 

176 71 

4 6 

265 

266 

2 

11 

95 03 

190 oa 

4 2 

133 

266 

t) 

10 

78 64 

471 24 

3 9 

103 

612 

S 

8 

60 2G 

402 08 

3 1 

51 

408 

12 

7 

38 48 

4GQ 76 

2 9 

37 

444 

5 

b 

28 27 

141 35 

2 3 

21 

105 

4 

5 

19 b3 

78 62 

2.0 

13 

52 

7 

4 

12 60 

87 92 

1 7 

7 

49 

8 

3 

7 06 

56 48 I 

1 2 

3 

24 

53 



2,064 82 



2,225 


This estimate makes the area actually coYered by the mounds close 
to one-fifth of the total area under consideration My notes shoYf 
that within areas of a few acres the ground covered by the mounds as 
sometimes as high as one-half of the total ai'ea The cubical con- 
tents of the mounds, if evenly distnbuted over the entire 10,000 
square meters, would have a thickness of 22 25 centimeters. 

Although the mounds witliin the area here considered were large, 
they were not the biggest I have seen, nor do they average as large as 
can be found The largest ones measured were on the upper drainage 
of Eio Utinga, several of these were found to be 5 meters high and 
16 and J7 meters in diameter at the base, and oif li i orilrjn(‘d 
fore, about 340 cubic meters of earth There vou' uo otiuu nu^'iiuls 
closer to these than 10 oi 15 meters 
The reader should be reminded, howevei, that this sort of thmg 
is not to be seen m all parts of the country, by any manner of means. 
So far as my own observations go, ant mounds are unusually large 
and unusually abundant in this paiticular part of Brazil 
Age of the mounds — The amount of work done by these ants m a 
region where they seem to be favorably located is f aiily well shown in 
the preceding table. Trustworthy data for calculating the time 
required to build a mound of a given size or to do any given amount 
of work are lacking Necessarily the time must vary with the size of 
the colonies, other things bemg equal The colonies, however, 
appear to have their ups and downs, for while some of them increase 
in numbers and continue to add to the mounds for long periods, 
others appear to be less active, while still others disappeai, whether 
by migrating or through the death or captivity of the members 
is not certainly known at present It is interesting to note that the 
Brazilians generally regard the size of the ant hill as dncctly related 
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to the age of the colony At Serrmha, on the Sao Francisco Railway, 
I was told that mounds about 2 meters high and ha^ang a base of 
about 5 meters were probably as much as a bundled years old 
This was an expression of views based simply upon a geneial impres- 
sion and not upon records 

UNDERGROUND WORK, 

So far as I can learn, there has never been any careful examination 
or study of the character, extent, and uses of the undeiground excava- 
tions made by ants m the Tropics What is known about them 
has been learned accidentally, and our knowledge of the passages is, 
therefore, fragmentary I have frequently dug into the mounds, 



Ilg 3 — Vji*. U 1' c » ii 0 ' I -i'* . ■'* .1 '''i u ij "a'CufBi • '> 7i’ 

[From a photograpli by R Crandall, 1907 ] 


but always without the tune necessary for satisfactory results. The 
most I have been able to make out in these hasty explorations is 
that the superficial mounds are penetrated in every direction vith 
passageways. The large mounds were m no case opened down to the 
or^;mal surface of the ground , but when small mounds were opened 
they were found to connect through small tunnels with the under- 
ground excavations 

A pit started by tbe removal of a large ant hill east of Timbo, in the 
interior of Bahia, and continued to a depth of about 4 meters, showed 
the arrangement of the underground tunnels better than I have seen it 
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elsewhere. The section did not pass thi'ough the main shaft or tunnel 
that connected the ant hill with the subterranean excavations^ but a 
little to one side of it. The upper layer of the earth, to a depth of 
half a meter, was undisturbed, then there was one tunnel with a flat 
floor, about 20 to 25 centimeters across, and having a low arched 
roof; below this, at a distance of about 25 centuneters, were two 
tunnels at the same level and of about the same size and shape; 
below these, at a fuither depth of about 25 centimeters, were three 
similar openings Tins arrangement continued to a depth of nearly 
2 meters, the tunnels bemg more numerous always at the lower 
levels The tumiels at the lowest level did not form a complete 
row, but the work seemed to have been commenced at the outside. 

This same arrangement of the tunnels has been seen frequently in 
railway cuts and ditches, but no'where else have I seen so many levels 
or such a clearly defined plan m the placmg of the excavations. 

In some other cases noted the number of ••'onno-'lmg llio 

above-ground mounds with the underground gall('ii(‘- rl i.> v an 



1 i<s 4 —Nest of leaf-cutting ant 
After Belt ‘^The Naturalist In Nicaragua,” p SO 


wiOi the size of the mounds — that is, the moie ground the mound 
covered, the more passageways there seemed to be to connect with the 
galleries beneath 

The section through the burrows given by Belt is reproduced in 
figure 4. This section, however, is diagiammatic, and does not claim 
to show the great extent of the galleries. Belt tells, however, of 
galleries 1 5 meters in depth (p 76). The best evidence I have 
been able to gather in regard to the depth to which the ants penetrate 
ha^ been obtained in cuts along laiiways and canals, and in deep 
ditches often dug to serve as fences. On Rio do Peixe, near Serro, 
in the State of ilinas Geiaes, I foimd the galleries as deep as 2.5 meters 
at several places along a canal under construction Most of them, 
however, were only about 1.5 meters below the surface at the deepest 
points exposed At Borafim^ on the Bahia and Sao Francisco 
Eadwaj’’, I found the burrows exposed m a deep ditch at a depth of 
2.1 metei’s. 
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Sampaio, a Brazilian entomologist who has given much attention to 
the sauha ants, shows one burrow as much as 3 6 meters below the 
surface,^ 

Dr, Jaoquim Lustosa, of Lafayette, State of Mnas Geraes, Brazil^ 
writes: 

Competent persons assure me that the true ants burrow to a depth of 10 meters 
or more, and that they exhibit a strange and remarkable intelligence, and that they 
even cross wide and deep streams by means of tunnels so deep as to avoid the infiltra- 
tion of the water 

The length of the tunnels has often been demonstrated by forcmg 
smoke tlirough them I have myself seen fumes blown into one 
opening and issumg fiom otheis as much as 300 metem away. 

Ants excavated a tunnel under the bed of the Eiver Parahyba, 
at a place where it is as broad as the Thames at London Bridge. 
At the Magoary rice nulls, neai Para, these ants once pierced the 
embankment of a large reseivon, the gieat body of water which it 
contained escaped befoie the damage could be repaired^ 

Another writer, Kev J C. Wood, tells of the saulas having ^^ruifiied 
a gold mine for a time, biealdng into it with a tunnel some 80 yai'ds 
in length and lettmg m a torrent of water, which broke down the 
machinery and washed away all the supports, so that the mine had 
to be dug afresh ” ^ 

The diameter of an underground passage varies from 1 or 2 centi- 
meters up to 5 centimeters or more They widen out and narrow^ 
down without any apparent reason, and those made bv the 
that have been examined have heie and there local ( (Ixat 
are commonly fiom 1 to 2 decimeters in height and liom 1 to 3 deci- 
meters in length These chambcis, when freshly opened, T have 
generally found filled, oi partly filled, with loose, moldy masses of 
dead leaves 

Belt describes the underground passages in Nicaragua as follows: * 

In our raining operations we also, on two occasions, earned onr excavations from 
below up thiougli very large forraicanums, so that all their underground workings 
were expo-^ed to observation I found their nests below to consist of numerous 
rounded chambei-^ about as large as a man*s head, connected together by tunneled 
passages leading irom one chamber to another 

BELATIONS TO THE SOIL. 

The distribution of ant colonies as shown by them mounds suggests, 
if it does not prove beyond question, that the character of tho sod ha*^ 
an important influence on the distribution of the ants themselves. 


1 A G de Asevedo Sampalo £^au^a ou Manliu ndra, pp 23, 52, 64 Ppo Pajlo, 1S91 
2H W Bftes NaturallstonTre Amazons, 4th ed ,pp 9-15 London, 1S7 j 

' Qiailcs WatPrton Wanderings in South \mer^pa E^planaTo^y Index Eev J G Wood, p ^7. 
London, 1SS2 

rheXamriihstin Vice‘ragua, p SO 
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In view of the habits of ants, it seems highly probable that at the 
time of leaving their nests the young females scatter over the surround- 
ing region pretty much at landom When they ahght, some of them 
find themselves in locations where ant colomes, on account of the 
cdiaiacter of the ground, can not possibly surviye, and as these young 
females break off their wings as soon as they ahght, they can not 
renew then* flight and seek more favorable ground, but they must 
perish without having founded a new colony And this must happen 
over and over agam, with the final result that locahties unfavorable 
for ants do not have ant colonies, while the favorable locahties may 
have a superabundance of them Favorable and unfavorable con- 
ditions are not always sharply defined, but merge into each other 

In some cases it is quite evident what constitute unfavorable condi- 
tions Ground that is constantly wet or hable to mundation can not 
be occupied; hard, rocky surfaces, or even very tbin soils, are not 
available, soils so sandy or fnable that underground tunnels dug in 
them will not stand are evidently not available for the establishment 
of colonies 

Between soils most favorable and unfavorable ones there are all 
sorts of gradations, so that one is prepared, for this reason alone, to 
find the ant hills bigger and more abundant in some places than in 
others. It is evident that it is all a question of adaptabihty, how- 
ever, i'ather than a matter of choice on the part of the ants. 

Just what kind of soil is most favorable for the ants I can not state 
positively. My general impression is that the mounds are most 
abundant on clayey soils, whether the clay comes directly from the 
decomposition of feldspathic rocks or fiom the disintegration of shales 
and slates 

This preference for the clayey soils is well shoivn at many places 
through the diamond-bearing Inglilands of the intenor of Bahia, 
where the diamond-bearing quartzites, known as the Lavras senes, 
are underlain by a thick series of shales called the Caboclo series 
The Lavras beds being quartzites, or sandstones, break down into a 
very sandy soil, while the Caboclo shales form a stiff, clayey soil, and 
as they are adjacent to each other the Ime of demarcation bet-vyeen 
the two soils is usually well defined. While traveling through that 
district in 1907, I was frequently able to locate mjself geologically 
by the abundance or absence of the ant hills Not infrequently the 
line of parting between the two series was concealed by a Ihick soil 
and oveigrown \vith forests, but the distnbution of the mounds 
would often show the line of parting within 20 or 25 meters 

My former assistant, Mr. Eoderic Crandall, who has traveled exten- 
sively in Bahia, Pernambuco, Piauhy, Minas, and Goyaz, writes, m 
reply to my inquiries, as follows regarding the preference of the ants 
for certain soils: “In Bahia the ants of all kmds show a preference for 
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the Estaiioia and Caboclo shales, next to these the granites seem to 
have the biggest nests ” 

I infer that the smaller numbei of the mound 3 on the sandy soil is 
due to the fact that dunng the rainy season water soaks through into 
the burrows, and the excavations do not stand up where the soil is wet. 

Thmlung it possible that the exposure of the mounds or of the 
ground on wliich they stand to the sun might influence location and 
distribution, an outlook has been kept with these questions in mmd. 
It does not appear thus far that such exposure influences the location 
or size of the mounds, even in the southern part of Brazil, where the 
sun is on the north most or all of the 3 ^ear 

THE WHITE ANTS, OK TERMITES 
OENERAI CHARACTEKISTICS 

The sO“C idled white auts, or tei mites, belong to the Isoptera, and ai*e 
therefore not ants at all They are included in this paper solely on 
account of the geologic work done by them m the Tropics, which 
bears a certain similarity to the geologic work of the true ants. 

In Brazil the white ants are commonly known by the name of 
In their habits the white ants both resemble and differ from 
the true ants They generallj^ avoid the light, carrying on theii* 
work, even when it is above ground, m galleries wliich ihey con- 
struct as they go Their nests are sometimes attached to tree trunks 
or rocks, but they are often built directly upon the ground Not 
infrequently these nests are as large, or even laiger, than the nests of 
the true ants, but they are ver^^ different m shape and character. 

ABUNDANCE 

Here, agam, I am unable to give anything regarding tlie biology of 
the white ants ^ 

Dr. Fntz Muller, who hved for many years in southern Brazil, 
reports 15 or 16 species of termites m that part of the country, but 
not aU of these live on or in the ground, 

M, Jules Desneux, in his monograph on the Termitidse, reports 45 
species from Brazil and some 15 or more from other tropical parts of 
America 

Wlnte ants, hke otuer animals, are not evenly distributed in the 
tropmal parts of South America They are so much less obtrusive 
and pugnacious, howevei, that they do not attract the attention 
as promptly as do ihe true ants 

1 For the lienefit of those ■'vho ai eiatcretf ed in the hiologv of -whlLe ants I cite the folloNsIng 

K, Escheitch Dip Tormiren orlei woitsen Ameiscn Flue Biolofi^che Studie vol 12, p 19S leipeig 
lfl09 

Genera Insectorum pnblies par P Wytsman Faso. 25, Isoptera, fam Termitid® par Jules Desaetix, 
Bruxelles, 1904 

38734'=‘--^m 1911 21 
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The fact that the wliite ants live and work entirely under cover 
might naturally lead one to infer that they were much less abundant 
than the true ants But nowhere have I found the ground as thicldy 
cohered with the termites' nests as mth those of the true ants, a fact 
probably due to some extent to the methods by which the two lands 
of insects procure their food supphes 

I have never been able to estimate the number of individuals in 
the old colomesj nor have I found such an estimate made by any- 
one else In the matter of numbeis we are obhged to depend on 
general impressions gamed from the abund^mce of the above-ginund 
structures of the separate colonies and from certam of their habits. 
For example, it is stated that the queen of an alhed species whose 
habits have been studied has * ban egg-laying i ate of 60 per mintute, or 
something like 80,000 per day '' ^ 

ANIMALS PBEDINO ON TERmTES 

As the white ants have no means of defense agamst their natural 
enemies, they aie easily destroyed and are preyed on by many other 
insectivorous animals Indeed, one of the impressive evidences 
of the great numbers of the wlnte ants in South America is the 
existence there of certam large vertebrate burrowing animals that 
are said to feed almost exclusively upon the white ants ^ 

The great ant-eater, known m Brazil as the famandud iandeiraj is 
said to live entirely on ants Brazilians acquainted with the habits 
of the faiyiandad tell me, however, that the ant-eater does not eat the 
sa'hiia.s or othoi bitmg or stmgmg ants, but that it hves chiefly and 
almost exclusively on the cupinij or so-called white ant To give an 
idea of the size of the animal, I quote the following mor-uromcnfs 
of an ant-eater as given by WeUs Head, 16 inches, back, 4 feet; 
tail, 4 feet; total length, 9 feet 4 mches ® 

The existence of an animal as big as an ordmary dog, over 2 feet 
high at the shoulder, vnth its long, slender muzzle, its powerful 
forelegs and claws adapted to the excavation and exploration of 
, ant-mounds, and its tongue nearly a yard m length, and living 
chiefly, if not entirely, upon white ants, is an important witness 
on the side of the abundance of termites m the region m which it 
lives Bates reports four species of ant-eaters m the Amazonas 
region, two of which ai^e large and two small ones (op. cit , 2d ed , 
p. 110), while Wallace says there are five species in tropical America, 
besides one extinct form ^ 

10 L Mariatt Circular 50, p 3, 2(J sei , Bureau ol Entoiaology, XJ S Departmeat of Agriculture 
Waalilagton, lOOS, 

i Holes often found ia the mounda of the true ants show that aomc of these large aut-^ating feed 

on the true ants also 

W Wells* Three thousand miles through Brazil, vol 2, p I4l London, 1886 

*A R Wallace The geogranhical distribution of amimas.\ol 2. -n 247 'Nr»»mVnrV i27a 
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The armadillos, known in Brazil as tatilSj are also ant-eaters As 
Mr Wallace pomts ont/ the armadillos aie highly characteristic 
of tropical South and Central America, and at the time of the publica- 
tion of his famous work on the geographical distribution of animals 
they embraced 6 genera and 17 species, to say nothing of many 
extmct species found by Lund ui the cayes of Mmas Geraes Some 
of these armadillos are so large that a single indiYidual will weigh 
as much as 75 pounds, or even more 

They live upon msects chiefly, and the white ants seem to be their 
favonte food. They enter the nests by diggmg openings at the base 
of the cones with their powerful fore feet " 

The white ants also form the prmcipal food of the South American 
ostrich (Rhea americana), winch is the largest bird in tropical 
Amenca ^ 

In addition, there are large numbers of birds and reptiles, such as 
toads, frogs, lizards, and snakes, that habitually feed upon these 
msects 

The true ants are enemies of the wlnte ants worthy of especial 
mention The abundance of the ants and their pugnacious disposi- 
tions make them serious obstacles to the development of the termites’ 
colonies, and they ar^' eir worst natural enemies The 

tenni tes have m their < • i . that are known among biologists 

as soldiers, but so far as I have been able to determine from personal 
observations these soldiers do not attack the true ants, tliough they 
do take the place of soldiers in obstructing the passage of the ants into 
the termites’ nests and gaUeiies. 

The lesult of the lelations existing between the tiue ants and the 
termites is that the two kinds do not thiive togethei, at least I have 
never found the termites’ nests wheie the sa'Ohas or other true ants 
were notably abundant. Pi eyed on by the true ants and by animals 
of so many dlfteront londs, and even by msects themselves, it occurs 
to one that their chances of survival in the midst of so many enemies 
must bo vei} small lhat survival appears to be due largely to their 
habit of living and worlung under the piotection of their covered 
roadways, and to the fact that their roads are const inctcd of mate- 
rials that are remarkably moonspicuous. Nothing could look more 
thoioughly abandoned and lifeless than the common ran of white 
ants’ nests and their coveied passages, yet if one breaks through 
these coverings he will usually find them fauly swarnung with life. 

My general impression is that those white ants which build mounds 
of earth are especially abundant in the highlands of Minas Geraes 
and through the sermand portions of Sergipe, Bahia, Goyaz, Matto 

i^fredE Wallace Tlae geograpMcal clistnbution of animals, vol 1, pp 245-246 New York, 1876 

2 The flesh of the iatils is very much pnzed for food, and this naturally leads to the hunting and ktHmg 
of these animals, which should be protected i 

* George Gardner. Travels in the intenor of Brazil, p 280 London, 1846 
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Grosso, and the interior of CearS,, Maranhao, and Piauhy. Mi’. Cran- 
dall tells me that he finds them most common on the Diamantina 
Plateau 

STSUOTIXRES ABOVE GBOUND 

General characteristics — ^The nests of the white ants, or cnpim, 
have no visible external openings When a mound is new or la 
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big nests it is sometimes nearly or quite a foot thick. Inside of this 
hard, thick covering the materials are quite soft and brittle, and the 
partitions are sometimes almost as thm as paper, though thicker in 
the larger nests Where the mound stands on the ground, the cavi- 



Fig. 6 —Mound of tennites or wliite ants, State of Minas Geraes, Biazil 
[From a pliotograpli by B Crandall, July, 1909 ] 


ties of the upper portioa Gonuect tlirougli the perfoiated base mth 
subterranean excavations 

Parts of the nests are made of the excrement of the inhabitants* 
1 have often broken the nests or the covered roads of these, insects 
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m Older to observe the woikers repair them In every case observed 
the rep ah s were made by building up a wall or coveiing of excre- 
ment or something of the kind At least it is voided from the poste- 
uor part of the body in a plastic condition, and is smoothed down 
on the sides so that the latei layers always override the earher ones 
on both sides of the wall An exammation of their construction, 
however, shows that they aie made partly of clay or the earth about 
the nest and partly of woody fiber These two substances are 
variously mixed in structure, sometimes one being more abundant, 
sometimes the othci An exammation of the mateiiala of the out- 
side part of the ^aige and old nests, howevei, shows that this part 
of the nest at least contams fiagments of quaitz, sand giains, and 
such hke rock fragments that could not possibly have passed thiough 
the bodies of the insects The structure of some of the nest walls 
suggests that these walls aie constructed partly of earth and rock 
fragments hi ought up from beneath the ground and built into the 
nests by cementmg them together with excienient oi some oliher 
adliesive substance 

The outer paints of the nests, when they stand on the ground, are, so 
far as my observations go, always made of earth cemented in a thick, 
hard wall In the inner portions of the nest the partitions are thinner, 
and though they are made largely of an easy-spreading clay, they are 
often made partly, or at least overspread, with a dark, fWable sub- 
stance that has the appearance of bemg masticated wood, leaves, or 
other organic matter 

The openings through the mass of the nests are pretty uniform in 
size, being fiom 3 to 10 millimeters m diameter and averaging close to 
5 or 6 milbmeteis The opemngs within the nests sometimes have the 
appearance of bemg arranged in rude tiers, sometimes they are appar- 
ently haphazard labyrinths 

The external forms of the nests vary considerably, but unfortu- 
nately I do not know whether this variation is due to difference in the 
species of terinites, to difference in the nature of the ground, or to 
other causes. 

As a rule, the mounds are rudely domed, rounded or conical, and the 
method of adding to the outside gives them a bumpy, lumpy appear- 
ance, so that, as Buimeister suggests, they resemble gigantic Irish 
potatoes. In some looahties they are mostly tall and slender Most 
of the tall, slender forms observed have been m wet ground or on 
ground that is sometimes overflowed For this reason it is inferred 
that these forms are due to the presence of water rather than to a dif- 
ferent species of termites. In size they also vary greatly. I have 
seen them as much as 6 meters high and 8 meters m circumference, but 
these very large ones aie exceptional. 
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In southern Mnas, south of Barbacena; Dr. R Walsh notes mounds 
of the white ants 10 or 12 feet high.^ 

In the vicinity of Caximbu, in southern Minas, white ants' nests are 
said to be 4 meteis high and nearly 2 meters in diameter at the base* 
In the vicinity of Taubat6, Sao Paulo, they are often 2 4 meters high, 
while about the city of SSo Paulo they usually are 1 meter and less in 
height. 

Over the level table-lands of the interior of Piauhy, where the soil 
is red clay, the mounds of white ants are abundant and often 6 or 
8 feet high ^ 

At and about Asuncion^ in Paraguay, I found the nests very abun- 
dant on the clayey soils, and many of them as much as 3 meters high. 



Fi® 7 •— IVlute ants’ nest built of earth, m the State of Minas Gora*s 
[From a photograph by R Crandall, July, 1909 ] 

The outer portion of tho nest being thick, hard, and compact, and 
the insido being friable and easily removed, it is a custom in the inte- 
rior of Brazil and Paraguay to scoop out the mside of white ants' nests 
and to use them for ovens. Tho door is cut near the base of the cone^ 
and tho insido parts removed through it 

The accompanying illustrations will probably a better idea of 
the sizes and shapes of the nests than verbal ipiur}-;. 

Sir Woodbmo Paiish speaks of “Corrientes and Paraguay, where 
wIk^^o phiiDs are covered with' their dome-lilce and conical edifices, 
n-iiig o aiRl 6 feet and more m height ” ® 


iRe% R Walsh NoUuebof BTa7ilm lS2S?\nd 1829 vol 2 p oO Boston, 1831 
a Oeoigc Gariiiier Trs.ols in the jutofor of Brftisil, p 2o0 London, 18io 

3 ‘^ir Wooflbino I’rnsh Buenos Amres and the rro\ inces of Rio de la Plata, 2d ed , p London, 1S52. 
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In the region about the headiv^aters of the Paraguay the nests of the 
white ants are extremely abundant in favoiable localities, and the 
forms of the nests are different from those noted in other parts of trop- 
ical America. The tall and veiy slender forms are especially notice- 
able in the low, flat praiiie lands south of Cuiaba. (See fig 8 ) These 
slender forms axe known in that part of Brazil by the Indian name of 

Age of the mounds . — ^The method of building the mounds and the 
habits of the termites, so fai as I am acquamted -with them, lead to the 
conclusion that the size of a mound is detei mined by its age and by the 
size of the colony building it Just how long it requires to build the 
large mounds I have but httle means of judgmg One frequently sees 
nests built on houses and fences, and in these cases it has been possible 
to determine the maximum ages of these particular nests These 



riG 8 —White ants’ nest of earth in Matto Gros!> 0 ; on the plains of the Upper Paiaguay 
[Sketch fcyJ C Branner] 


cases, however, afford only a suggestion. The oldest nests I have 
seen, and of which I could get an idea of their ages, were not more 
than 50 years old, and the biggest of them contained a little less than 
1 cubic meter of earth, the estimate bemg made without reference to 
the cavities within the mass 

It IS evident that the size and age m one of these cases may or may 
not help one to determme the time occupied m the construction oi* one 
of the very large nests figured in this paper, for the rates of building 
may have been very different 

UNnEKGBOUNX) STRUOTUKES. 

The above-ground structures of the white ants connect with under- 
groimd passageways, but whercTcr I have seen these passageways 
opened they appeared to have been excavated and then to have been 
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filled with smaller chambers made of mateiials like that used to make 
the chambers of the mounds above ground An examination of the 
thin chamber walls found in some of the underground excavations 
shows that they have been constructed of soft, plastic materials, so 
piled up that each later addition overlaps the precedmg one on both 
sides of the wall The matenals are partly of reddish clay hke that 
of the ground in winch the nest is made and partly of a dark brown 
substance that I take to be organic matter— probably masticated 
plants 

I have nevei seen the excavations mac[e by the wliite ants more than 
a meter and a half below the surface, hut I have heard of them being 
found considerably deeper My fnend, Dr Joaquim Lustosa, of 
Lafayette, State of Minas Geraes, writes me on this subject ^^As for 
the depth to which they penetrate the ground, it is my impression 
that it is but little more than 3 meters ” 

KELATION OP NESTS TO THE SOIL 

The white ants do not seem to be so dependent on the character of 
the soil as do the true ants This is probably due to the fact that 
when the true ants excavate their tunnels m the earth they 
on the character of the ground and the form of the i ' « i*' - 
suppoil ilie structures The white ants, on the other hand, depend 
partly on the nature of the soil, but partly on their method of cement- 
ing the matenals of which their nests are made 

The preference, however, of the termites for certain soils and certain 
locahties is verj^ evident in some districts On the upper Paraguaj^ 
places have been seen where the nests are quite thick over certain 
areas, while there were none, oi but few, on an adjoiumg area. Wher- 
ever these marked contrasts have been observed, however, they have 
apparently been due to a difference m the amount of moisture in the 
ground I have thought that the white ants arc soniotimes found m 
rather wet ground, because they are there oompaiatively fite fiom 
the attacks of their enemies, the true ants 

Opinions of Bra 2 alians m regard to the distribution of the termites’ 
nests vaiy considerably, some think they arc more abundant m the 
open campo regions than in the forests, others thuds; they preler 
fields; still others thmk they are favored by a dry climate AL of 
these views appear to have more or less support. I have mucli doubt, 
however, about the theory of their preferences for campos It true 
that they do appear very abundant in the campo regions, but T am of 
the opimon that the apparent abundance is deceptive and due to tho 
fact that all the nests aie *1 isible at once over a wide area (pi. 1, fig 2), 
while in a forest-covered area no nests, or hut few nests, can be seen on 
account of their bemg concealed by the dense vegetation. This im- 
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pression has been deepened by the fact that m sevf ’ .d ’ ^ i •*'' where 
the forests have been cleaied away the mounds ot the white ants 
appear to be quite as abundant as they are in the old clearmgs or 
on the open campos. 

Further support is given this theory by Maxnmlien; Prince de 
Wied-Neuwied; who, in speaking of the white ants^ nests near Con- 
quista, in the southwestern part of the State of Bahia, says that they 
are extremely abundant in coveied and wooded places ^ 

RELATIONS TO VEOETATION 

Compared with the true ants, the white ants aie harmless At least 
they do not attack crops and animals or render certain locahties unin- 
habitable. The harm they do to agriculture is confined to the mere 
encumbrance of the ground by their big, hard, rock-hke nests. They 
do, however, destroy wood used in the construction of fences, houses, 
bridges, and furniture, and they sometimes burrow into books and 
papers that are left to stand for a long time undisturbed 

I quote below some remaiks of other writers on regard to the 
destruction of timbers by teimites, but I must add that I am disposed 
to question the rate at which these insects are said to destroy wood 
My own observations lead me to conclude that the idea expressed by 
Brummorid anc^ others that a piece of furnituie may be destroyed m 
ix ni^lu i'. SI ’0 ply a picturesque way of putting it In the first place, 
there are certam kinds of wood (in Brazil at least) that the teimites 
do not attack at all I am unable to say just now what kmds they 
are, but it is a matter of common information among Brazilian 
carpenters and cabinetmaker^ 

In the second place, the method of discovery of their destructive 
work frequently leaves an eiioneous impression In accordance with 
their general habit of keepmg away from the light, termites attack a 
piece of wood that forms a part of a building from within Their 
work does not appear at the surface at all, and it may be carried on 
for months, or even for years, without its bemg discovered. But 
some day a window sill crushes in, a doorpost is shattered by a 
trifling blow, or a rafter gives way without its ever having been sus- 
pected that they were bemg attacked by the cupim The suddenness 
of the discovery not unnaturally leads to the unwarranted inference 
that all this work was done dunng the preceding night 

It should be noted that although the white ants are abundant in 
forests, I am not aware that they ever attack the hving trees. They 
appear to eat only the dead trunks or dead limbs or bark. Many of 
them build their nests on the trees. Nests found high up on tree 
trunks are always, so far as I have observed, made of woody matter 


I Voyage id Bi^sil, t. o' \ p 12') Pans, i812 



OEOLOGIC WOBK OF ANTS — BKANNEE. 


8S1 


and not of earth Those on trunks, only a meter or two above the 
ground, are often made partly of woody matter and partly of earth 

GEOLOGIC WORK 
EARTH MOVED 

The amount of earth brought to the surface by ants in a few 
instances has been given. The calculations at page 316 show that in 
one case the earth brought up would covei the ground to a depth of 
22 25 centimeters An estimate by Gounelle ^ makes the earth brought 
up 15 centimeters thick In iieithei of these cases is it known how 
long the building of the mounds occupied. 

Mr. Darwin^s study showed that the earthworms in many parts of 
England bring to the surface annually 10,516 kilograms of earth to the 



Fia. 10,— U mte aats* nest m a tree, Salitre Valley, State of Balna 
[J C Branner, 1907 ] 


acre ^ In order to compare the work of ants with that of earthworms, 
it would be necessaiy to know how long the ant hills were m piocess of 
formation. Unfortunately, I have no trustworthy means of detei- 
muimg the ages of the mounds If we assume an average of 100 
years for the age of the mounds over the area measured (an average 
which seems to me quite conservative in this case), the total work of 
worms and ants would compare as follows. 

Total weight of earth brought to the surface in 100 yeais over 
1 hectare (10,000 square meters) 

Kilograms 

By worms m England . . 2 598,500 

By ants in Brazil . . . 3,226,250 


i E Gounelle Ann Loc. Entom France, 7 sei No 6, 1S90, pp 

1 Charles Barwm Tlie formution of vegetable mold througn the action of \,oi7n5, p d05 Nev York, 
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It is to 1)6 noted that the amount of work done m both instances is 
rather exceptional — ^that is, localities were selected favorable for 
exhibiting the activities of worms m one case and of ants m the other 

I have no trustworthy data showing the amount of eaith brought to 
the surface by termites over a definite area The places seen where 
the nests were most abundant were m low, inaccessible groimds on the 
upper Paraguay. My impression is that in those particular localities 
there was less earth brought up than in the case of the true ants 
cited above 

The sizes of individual white ants’ nests were frequently measured. 
One of the largest I ever saw in Mmas Geraes was 6 meters high and 8 
meters in circumference 2 meters above the ground, and contamed 
30.65 cubic meters of earth, no account being taken of the porous 
nature of the structure, which would probably reduce this total by 
3 or 4 cubic meters. 

Another imusually large mound in the State of Mmas was 4 meteis 
Mgh and 7 meters in circumference 2 meters above the base, and con- 
tained 15.59 cubic meters of earth These are individual cases, 
however, and I am unable to say how large an area the contents can 
pi opeilv he distributed over, how long the termites were m doing the 
woik, 01 how large the colomes weie that made them 
. In the case of the white ants, the earth undergoes some process of 
dige-jflon and passes through the bodies of these insects, so that the 
chorruccl effect is piobably more important than the mere upturning 
it gets from the true ants 

ORGANIC MATTER 

The true ants carry into then burrows enormous quantities of leaves 
and other orgamo matter These leaves must 3 aeld either directly or 
indirectly organic acids, which help attack the sod, the mmeials, and 
the rochs with which they come in contact 

Tlie orgamc matter earned into then burrows by the ternutes con- 
sists cliiefly of the decayed wood and other vegetation eaten by them. 
These materials, however, can not fail to contnbute orgamc acids 
that help attack the minerals of the soil and adjacent rocks 

OPENINGS IN THE SOIL. 

Hie extensive subten*anean excavations, especially those of the 
true ants, permit the freer circulation of atmosphenc air and of carbon 
dioxide These channels must also serve from time to time for the 
passage of meteoric waters, and then great extent and ramification 
must hasten very considerably sH the processes of atmospheric disin- 
tegration and alteration of soils^ minerals, and rochs. 

Unfortunately we have no observations at present that enable us to 
giA'’e quantitative values to these underground agencies and activities. 



GEOLOGIC WOEK OE ANTS — ^BEANNEK 883 

We only know that the openings beneath the surface are rudely equal 
to the amount of soil in the above-ground structures 

r:6sijme 

Ants and termites are vastly more numerous in tropical Amenca 
than they are in the temperate regions 
They show a marked preference for, or rather their structures stand 
up better on, clayey than on sandy soil 
They affect the geology, especially the soil and subsoil, both dnectly 
and indirectly 
Directly: 

1* By then habits of makmg undergi’ounrl excavations that 
1 achate from a central nucleus and often aggi'egate several 
miles ill length 

2, By opemng the soil to atmospheric air and gases 

3, By bringing to the suiface large quantities of soil and subsoil. 
4 By introducmg mto their subterranean excavations large 

quantities of organic matter which must yield acids that 
affect the soil and the subjacent rocks. 

5. By using these excavations for habitations and the jirodtic- 

tion of gases that attack the soil and its coTiLainod nup- 
erals 

Indirectly. 

6. By the periodic passage and circulation of meteoiic wateis 

through their extensive tunnels. 

7. By affectmg the availability of the soil for agiTCiiltuial pur- 

poses 

8. By affectmg the habit^bihty of the land by man 

9. By the destruction of crops, 

10. By the consumption (by termites) of dead plants and of tim- 
bers and lumber used in houses and for the manufacture of 
furniture, machinery, etc 

Although the data available are defective, we seem to be waiTanted 
in concluclmg that ants and termites are quite as important geologic 
agents iii tropical America as are the eai'thworms of temperate zones. 

They are also factors of great importance from an agricultural, 
economic, and social point of view. 




ON THE VALUE OF THE FOSSIL FLOEAS OF THE AECTIC 
EEGIONS AS EVIDENCE OF GEOLOGICAL CLB£ATES.‘ 


By Piof A G Nathokst, of Stockholm 
Translated from the Prencli oiigmal'^ by E A Ne'^vell Ahber, M A , F G S 


Among the pioblems which are constantly called to mmd durmg 
geological exploiations m the Arctic legions, that of the climates of 
the past naturally demands special attention The contrast between 
the present and the past is there moie stiikmg than m any other 
region Beneath the snow and ice bordering the Arctic Sea one 
marvels to find, for example, large corals in beds belongmg to the 
Carboniferous system, or again the remams of saunans, ammonites, 
or nautiloids in those of Triassic age But when one hears m muid 
the cxi/ienie richness of the xnveitebrate fauna of the Aictic Seas 
to-day, when one remembers the colossal whales which find their 
siibsi^^tencr ni these waters, one may be mclmed to ask if it has not 
been eiior to conclude, from the occuiieiice of the fossils above 
mentioned, that the climate was foimeily more genial than it is to-day. 
Should wo not be underestimatmg the creative power of life if we 
imagine that, among the saunans, the ammonites, and the nautiloids, 
no species has been able to develop which was adapted to life in the 
Arctic Seas’ If the remdeer and the musk ox were extmet, who 
would imagine that these beasts were able to flourish on the scanty 
vegetation of the high parallels north of 80° of latitude’ And who 
would suppose that such monsters as the mammoth and the, woolly 
rhinoceros could find suflS-cient nourishment in the poor vegetation 
of the tundras or the coniferous forests’ Such examples teach pru- 
dence; there is certamly no question which requiies so much caution, 
as the problem of deducing from the faunas of the past the climatic 
conditions under which they flourished. 

This lemark applies with equal force to the floras. Although 
to-day the cycads only occur in warm regions, it would be an error 

1 A paper read 'befoTetho Eleventh International Geological Congress on Ang 25, 1910 **Surlavaleur 
des flores fossiles des regions arctiquos eomme preuve des climats g6ologiques,” Stockholm, 1910 Also In 
Compt, Rend Eleventh Intern Gcol Cong** , S^-orLIiolm, P12 Reprinted by perroission from the 
logicid Magazine, London, Decade V, vol F Vo 56^, pp 217-225, May, 1911 

sThe English translation has been revised by Prof Nathorst, and references added 
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to conclude that the cycadophyta of the past have always flourished 
under snmlar conditions On the contrary, we must admit that dur- 
mg the Mesozoic period, when these plants were abundant, it would 
110 doubt have been possible to find several species which had adapted 
themselves to an Alpine climate if such a one had then existed. And 
if, since then, the differentiation of climates has begun to make itself 
felt, it would be again a case of overlookmg the cieative power of 
life if we assumed that none of the species of cycadophytes were 
able to adapt themselves to a temperate climate in the Polar regions, ^ 
Again we meet with difficulties, even when we study the plants of 
the Teitiaij penod, which are assigned to genera still hvmg. Our 
common juniper (Jumperus commums, Lmn ), which exists in 
northern Euiope as far north as the North Cape, exceeds by 20 to 25 
degrees of latitude, in the Eastern Hemispheie, the noithern limit, 
not only of the other species of this genus, but also the whole family 
of the cupiessinese Now, if one imagined that the common jumpei 
were extinct, one would naturally draw conclusions relative to the 
fossil lemains from the distribution of the other species, and one 
would consequently suppose that it lived under a climate much 
warmer than is actually the case One would scaicely imagine that 
we weie concerned with a plant adapted not only to temperate but 
also to Arctic climates (One finds the jumper, on the western side 
of Greenland, up to the sixty-fouith parallel ) 

These examples counsel piudence, and the mattei should be treated 
with judgment and cncumspection. But, even if it is necessary to 
m«kc 1 osoivations, when one seeks to determme from the fossil plants 
the natuie of the former climates m the Arctic regions, at least one 
can not doubt that they weie distinctly warmer than that of the 
present day. The difficulty of explammg these former climates, 
especially when one has to take into consideration the length of the 
wmtei night, is without doubt the reason which has led some scientists 
to evade the question, instead of seekmg to solve it It is indeed a 
case of evading the question when it is boldly asserted that the plant- 
lemams, on which Heer^ has based his theories of ancient Arctic 
climates, have been drifted by marme currents to the places where 
they have been found. 

It is not to be disputed that plant d6bris may be transported in 
water for a very great distance without bemg damaged, provided that 
they are carried at a sufficient depth to escape the influence of the 
movements of the surface layers of the water When Agassiz was 
engaged in dredging on the American coasts, he found that the bottom 
of the sea — sometimes to a depth of nearly 3,000 meters — was covered 
with plant dfibris, such as wood, bianchcs, leaies, seeds, and fruits, 


1 0 Heer, Flora fossllis arcticaj vo]s 1-7, ZiSricli, 1868-1833 
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in all stages of decay AIso^ in certain places, these remains were 
still fairly abundant at a distance of 1,100 to 1,200 kilometers from 
the shore. This distance corresponds to about 10 degrees of latitude* 
It is thus proved that the remams of plants may be transported for 
very considerable distances But this is true only of marme deposits. 
If we are concerned with fresh-water sediments, the example given 
has no bearmg on the case 

One might, however, reasonably suppose that a river, flowing in 
the direction of the meridian from south to north, might have carried 
from the southern regions leaves and other fiagments of vegetation 
which became buried m some deposit of the stream itself, or of a lake, 
which it tiaversed, or of its delta This is a possibility which must 
not be neglected, but on the other hand it must not be treated as 
though it weie an ascertamed fact, smce we do not know how far it 
applies to the case in pomt 

The fact is, it is puerile to attempt to draw conclusions as to the 
ancient climates of the Arctic regions, before the nature of the 
deposits m which the fossil plants have been found has been ascer- 
tamed. It IS especially important that an attempt should he made 
to answer the question. Did the plants once flourish m the ne‘ighbor- 
hood of the deposits m which they aie found, or were they trans- 
poitcd fioni far-away lands? It is this question which an attempt 
will here be made to solve, by furmshing a concise resume of the 
principal beds containmg fossil plants in the Arctic regions 

In Bear Island,^ and in Ellesmere Land,^ beds extremely rich in 
plant remams are met with belongmg to the Devonian system. The 
fossil plants of Bear Island occur in the series of beds which also 
include several seams of coal Beneath the coal, which is composed 
essentially of the bark and trunks of BothrodendroUj one finds, as 
elsewhere, bituminous schists containing roots, and from this one 
can show that the plants of which we speak flouiished, at least in 
part, in situ. This is hkewise proved by the actual nature of the 
plants, as much in the older beds with Archseo'pieris fimiriafa Nath , 
as in the more recent with Pseudohorma urs'ina Nath The latter 
species has been found with large stems or rhizomes, as well as very 
small ones, only a few rmliimeters in dxametei, to which extremely 
dehcate, almost membranous, leaves are still attached. It is hence 
quite certain that there is here no question of the plants having come 
from distant regions. The materials have not been sorted out. One 
sees a medley of branches, small and large, and the peifection of tho 

' G Natiioi’st, “Zur Oheidcvom'^chcn rioia der I5arcu Inso’ ” ICongl Vet-Ahad Handl, 

vol 36, No 3, Scoclcholra 1902 

3 Id / DjgO jGtaeTOTii'qclicl'lor^dCb nilcsmcreL'indCii ' Rep 2ii(LNor?t?: -VrcuoLxped ititholTam 
vol 1, Clirlstiaiiia, 1904 
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prosorvation of their delicate leaves d( conclusively that 

they have not undergone transportali- n fi-'U' The same applies 

to Archmoptens Jimlnata, The beds of coal, the clay with rootlets, 
and the veiy nature of the plants themselves, all point to the same 
conclusion, namely, that we have here a flora which flourished in part 
on the veiy spot where it is now found 
As I have already pointed out in my description of the Devonian 
flora of Ellesmere Land, one arrives at the same conclusions here also, 
and it is unnecessary to enter into further details 
In the Arctic regions, culm deposits, yielding fossil plants, are 
known from Spitsbergen,’ from the northeast of Greenland,^ and 
probably from the south of Melville Island, in the Arctic Aichipelago 
of America. 

We wiU here concern ourselves only with Spitsbergen, although it 
may be mentioned in passing that the flora of the culm discovered 
by the Danish expedition to Northeast Greenland, in latitude 
81"^ north, consists of nearly the same species as that of Spitsbeigen 
The latter floia has been observed in many localities up to 79° of 
latitude It is characteiized by the presence of SUgmana, with 
appendiculai organs ladiating in all diiections, still m continuity, and 
penetratmg the clay beneath We are thus able, in seveial places, to 
observe the presence of Shgmaria in situ, which furmshes undeniable 
evidence of the fact that the plants lived in the place where we now 
find them The stems of Le'pidodendron found in the same place have 
a diameter of at least 40 cm It would be superfluous to give other 
examples, for one can scarcely doubt that the plants of the culm have 
flourished in the very place in which they are now found, or in its 
vicinity 

On the other hand, the observations which relate to the Tnassic 
plants of Spitsbergen and eastern Greenland are somewhat different 
The latter ones belong to the Rhietic Seiies and mclude seveial species 
of PterofliyUnmy Podozamites, CladopJileHs/ etc In Spitsbergen one 
finds them as fai north as 78°. Neither there nor in Eastern Green- 
land, where one meets with them between the 70th and 71st parallel, 
are they associated with beds of coal, but the manner m wluch they 
occur in Greenland indicates that m no case have they tiaveled from 
very distant hxvbhcs One has not with ceitainty rd):rej\od aoy 
marine petrifactions associated with the plants, but it ]iot ycl 
been clearly determmed whether the Tnassic beds with fossil plants 
of Spitsbergen, are of marine or of freshwater oiigm 

i-V Q Xathorst, '^Zur ^aUozoisclien Flora der Arctlschen Zone ” Kongl Svenska Vet -Akad Handl, 
W Xo 4, StocLlioim, 1801 

3Id , ‘^Contributions totb© Carboijlferous Flora of Northeastern Greenland Meddelelser om Oionland, 
Tol 43, Copenhagen, 1911 

an nartz, ‘^Planteforsteninger fra Cap Stewart i Ostgronland ” Meddelelser ora Gronland/ vol X9, 
Copenhagen, 1890 
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The most ancient Jurassic sediments of Spitsbergen are marine^ 
and belong to the Sequanian stage There was consequently a long 
interruption in sedimentation after the formation of the Rhsetic 
beds.^ The upper part of the Jurassic formation (Portlandian) 
furnishes a senes of plant-beanng sandstones, seams of coal, and beds 
of undoubted fresh-water origin, contaming Umo and L'lO'plax polans. 
The fossil plant remains belong to two different floias,^ one, the more 
ancient, being characterized by the presence of GinTcgo digitata 
Brongn , sp , the other, the more recent, by Elahdes cumfoha Dkr , 
sp. The two floras are associated with beds of coal, and one may 
here also put forward the Yiew that the plants originally flourished in 
the place where they are now found One of the coal seams at Cape 
Boheman furnishes a great abundance of Podozam%tes and PiiyopTiyh 
lum, sometimes the surface of the schists is as completely cowered 
with the leaves of Ginkgo digitata, as the soil beneath a living ginkgo 
tree may be m autumn Since branches and seeds of the same plant 
are also associated, it is natural to suppose that a ginkgo forest 
occurred not far away from this spot The same observation applies 
to Elatides cumfolm of the more recent flora, which occurs locally in 
the frcsh-watcr beds contaming Umo and Lioplax, Floras of the 
same age and composition are also known from Bing Karls Land, the 
islands of New Siberia,® from Northern Siberia, and Arctic AJaska. 

The Neocomian series of Kmg Karls Land is overlam by sheets of 
basalt, often amygdaloidal, and containing chalcedony and agates. 
Fragments of silicified woods, large and small, also occur here, and 
these, without doubt, owe their mineralization to the volcanic 
phenomena. Some of these trunks are fairly large, and I have 
myself measured one, which, although incomplete, was 70-80 cm 
in diameter, and showed 210 annular rmgs Some of thesf 
consist of the lower portion of the trunk and the primary : ’ i-r **, - 
tions of the roots. 

The microscopic examination of these specimens, undertaken by 
Dr. W. Gothan,"^ has shown that the annual rmgs of the fossil stems 
from King Karls Land were much more accentuated than those of 
stems found m the correspondmg beds of the European contment, 
which mdicates that the trees lived in a region where the difference 
between the seasons was extremely pronounced. They can not there- 
fore have been transported from the south by marme currents, and as 

1 A O Xathorst, “ 'neltrage zur Geologie dor Baren Insel, Spitabergens, und dos Xonig Karl Landos” 
Bull Gaol Up.c'lj.vol 10,1910 

2A G Natlioisf, “Z 111 Mesozoischen Flora Spitzbergens'' Kongl SvenskaVet Akad HaiidJ,voI 30, 
No 1, Gioekbolm, 1897 

3ld , ^'Uber Trias und lurapflanzen von dor Insel Kotelny’’ Akad Imp Soi St P^tersboiirg, 

set a, vol 21, No 2, 1907 

* W Gothan, Die fossEen Holzer vou Komg Karls Laud” Koagl Svenska Vet.-Akad Haadl , voL 43, 
No 10, Stookbolm, 1007* 
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the trunks found in the corresponding beds of Spitsbergen ^ show 
the same peculiarity, it is quite safe to conclude that we are here 
concerned with, large trees, which have actually flourished in these 
latitudes, and which have not been transported fiom more southern 
regions.^ 

The Cretaceous system, as we know it, is represented m western 
Greenland, between the parallels of 69° and 71°, by an important 
senes of beds containing fossil plants belonging to the Urgonian, 
Cenomanian, and Senonian, the two first mentioned containing coal 
seams I have been able to show, as the result of the studies which 
I made in Greenland m 1883, that beds, full of roots, underlie those 
containing fossil plants at TJnartoarsuk, as well as at Igdlokanguak 
Without doubt the Urgonian flora, like the Cenomanian flora, is a 
rehc of vegetation which once flourished m the same regions where 
we now find the fossils But, on the contrary, the Senonian flora, or 
flora of Patoot, is m part contained in marme beds, containing 
Ihncrrrn,,u-, etc., and thus it may have been transported from some 
di-hiu'c riic Urgonian flora, or flora of Kome, is composed of 
ferns, cycadophytes, and conifers, while the Cenomanian oi Atane 
flora, in addition to arborescent ferns (D%cksoma) and cycadophytes 
(Pscudocycas) is particularly rich m the leaves of Dicotyledonous 
trees, emong which are found those of planes, tulip tiees, and bread 
fruits, the last mentioned closely resembling those of the bread-fruit 
tree (Artocarpus %ncisay of the islands of the southern seas 

In the limited space at my disposal I have had to be content "with 
a b:^ief summary of the strata contammg fossil floias of Palseozoic and 
Mosozoic age But from what has been said it is clear that we have 
eveiT leason to regard the flora of the Devonian, Culm, Jurassic, and 
Cretaceous of the Ai'ctic regions as being composed of plants which 
flourished in these very regions Theie aie no pi oofs that the 
Tnassic flora has been transported from more southern regions by 
marme currents, but there is, however, some uncertainty on this 
point. 


* Id fo^sHou HoLreste voa Spitzbergeu^'* Kougl Svenska Vet-Akad Handl , vol 45, No S, 
StocUioLm, 1910 

11 li may ba neiitTOTi'’d bore il at a silicujed Dadoxijlon, from tbe Caiboniferoas deposits of Spitsbergen, 
dcsciILed by Di Goth xn. (loo cit ) does not show any annual rings at all, as is precisely the case with the 
torrespondmg sto is of Europe As has bee ^ . i , - Halle, this is a 

n’ost cmlous ciro imslauce, su oc the darkness dm mg regions— provided 

that the Bositio'' nf the North Polo %eiG the seme as now — 0 ' * j'v ' i - ' , 

e’ BTi 11 the cUm'vte was a ' cviiu and go ml or" As the > v w*, v uv> 

pc'^sible that it origin >tpb fiom sonic nii-' me deposit into which the wood had been brought by ocean cur- 
io pts froiO. more soiirhorn lain odc" But a DiLtlixylon from the Tnassio of Spitsbergen also shows only 
shghr iJdJP®’‘ion3 of annual ri’^g , ( Gothan, loc cii ). 

8 A G Naihorsi, “ PaiaoDot'^msche Mitteilurigen, 1 JPsmdoq/cas eine neue Cycadophytengattung aus 
oen Onompii^n Er..idGabl-‘geTungpn Gionlanrls’ Kongl Svenska Vet-Ahad Handl , voh 02, No. 5; 

,.1...^^ ijnfkrT 
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In relation to th.e present problems, the Tertiary floras are un- 
doubtedly the most important, and for this reason I will enter into 
the subject in some detail But the matenaJs aie so wonderfully nch 
that I shall have to restrict myself to givmg some examples mdicatmg 
the nature of the beds contammg the Tertiary plants m Spitsbergen, 
Iceland, and Greenland More especially, I shall recall that they are 
found at 79° of north latitude m Spitsbergen, on the east coast of 
Greenland between 74° and 75°, and on the west coast between 69° 
and 73°, at Lady Franklm Bay, in Grmnell Land (81° 42"), m 
Ellesmere Land between 77° and 78°, on the River Mackenzie at 65°; 
m Alaska south of 60° (and therefore outside the Polar Circle) , and, 
lastly, m the islands of New Sibena (75°) Iceland, it is true, is 
outside the Polar Circle, but nevertheless its Tertiary flora may be 
mcluded m this consideiation 

The Tertiary formations of Spitsbergen, which have a thickness of 
perhaps 1,200 meters or thereabout, contam fossil plants and seams 
of coal, both m the upper and lower beds, though the middle portion 
IS maruie As an example of the deposits with fossil plants from the 
base of this formation the shales called the ^^Taxodium Shales,” at 
Cape Staratschm, may be mentioned These are fine-gramed black 
soft shales, which form the roof of a small bed of coal In the shales 
the leafy branches, tbe flowers, the seeds, and the ovuhferous scales 
of the Swamp Cypress {Taxod^um disticlium mtocenum)^ the leafy 
branches of Sequoia Nordeuslcioldi Hr , and Librocedrus Salinmna 
Hr., are particularly common There are also associated a large 
number of remams of graminese, cyperacese, several species of pmes 
and firs, a Poiamogetorij and the leaves of various dicotyledonous trees 
Thus, as Heer has shown, one is dealmg here with fiesh-water sedi- 
ments, m the neighborhood of which it is evident that the swamp 
cypresses have formed forests, as in the swamps in the southern 
portion of the United States to-day This conclusion is also con- 
firmed by the occurrence of the remains of rather numerous insects, 
among which theie are a score of coleop tends, two of which are 
hydrophilous coleop tends {Eydrohius and Lacco'philus) 

These beds with fossil plants, at the base of the Tertiary formations 
of Spitsbergen, are overlam by thick marine sediments In their 
upper portion the latter show indications of a retieat of the ocean 
and a recurrence of fresh-water conditions. It is possible that th(‘ 
leaves found m the lower part of the higher horizon coniainiug fos-il 
plants have been transported from afar by a river, and deposiLod near 
its mouth, but as regards the upper portion depo-itiou laii^c have 
taken place m vast swamps, on which the majonty of the plants actu- 
ally lived. In these beds one notices thin seams of coal, a great 
quantity of leafy branches, and also cones of Seguoia Langedorfii 
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Brongn , (closely allied to the redwood of CaMornia, Sequoia 
sempervirens Endl ) and the swamp cypress (Taxodium distichum 
miocenum) Here and there a large horsetail (Eguisehtcs Norden- 
^KoZd^Nath ) occurs in such abundance that one would imagme that 
it formed small forests There are also associated ihizomes, with 
their roots and tubercles still attached I may mention in passing 
that Equisetum archcuvi Heer, occurs m the same manner in the 
lower zone of the plant-bearing beds There is also found a great 
abundance of Osrrmnda sfetslergensis Nath , and on the same horizon 
nodides of clay ironstone, entirely filled with leaves and stems of the 
latter plant, in which the tissues have been so completely mineralized 
that one can study the microscopic structure as minutely as m the 
living Osmunda One sees in the carbonaceous petrified layers 
rootlets and spores of ferns, as well as fragments of branches, etc, 
This might justly be called a mmerahzed peat Among the dicoty- 
ledonous trees, the leaves of which occur in great quantity, one finds 
leaves of all dimensions belonging to the more oomrnnn species 
I have examples, among others, of the loai'c^ of Vlni>,'phyUum 
as'pernmum Nath , varymg from 1-17 cm m length All the obser- 
vations indicate that we have here a deposit formed by the delta 
of a stream passmg through a marsh on which grew trees requiring 
humidity, while the remains of other plants which lived at some 
distance away have been transported, either by the wmd or by water, 
and become mingled with those of the marsh 
The beds of this horizon, discovered at Cape Lyell, are remarkable 
for the enormous quantity of leafy branches of Sequoia Langsdovjk, 
leaves of Grema cremta Hr and of Acer arcticum Hr , the fruits of 
the last mentioned also occurring A bed full of rootlets was also 
met with, showing that the plants flourished on the spot where they 
are now found Among the marsh plants an Alisma occurs Among 
the dicotyledonous trees of this horizon are ^poplars (JPofulus)^ wal- 
lows {Sahx), alders {Alnu£)^ birches (Betula), hornbearos (Oarpinus), 
hazels (Corylus), beeches {Fagus), oaks {Quercus)^ elms (Ulmus), 
planes {Platanus), magnohas {Magnolia) j limes {Tilia), and maples 
{Aeer)^ etc. We can thus show that during the Tertiary period 
afl these plants have flourished at 78° or 79° of lati^-urlc In 
Grinnell Land we find, even at nearly 82°, the swamp ^.ypic^ics, tJio 
spruces, pines, firs, poplars, birches, elms, limes, etc 
In Iceland the Tertiary flora may be studied in the volcanic tuffs or 
in the alluvium formed from them, and at Brjamslaekur, for instance, 
in a deposit which may be compared with a laminated peat Thus, 
as Heer had suggested, and Thoroddsen has proved, we heie meet with 
formations laid down above sea level, winch are overlam by thick 
basaltic beds. A glance at the specimens from Brj ^mslaekur serves to 
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show that we have hei e to deal with fresh-water deposits M Ostrup^s ^ 
imcroscopic oxammation of the diatoms, found in the same beds as 
the fossil plants, confirms this conclusion, for they are fresh-water 
species 

Among the beds furnishing Tertiary plants, so abundant in Green- 
land, I v/iU only mention those of Haron (Hare Island), near 
Waigattet Here the plants occur either in a true basaltic tuff, or 
in an altered tufa or a sediment formed from it, which is overlain 
with basalts 

The investigation of two beds, which I made in 1883, has proved 
that they can not be other than formations laid down above sea level 
In one of these deposits the fossil flora consisted almost exclusively of 
leaves of the maple {Acer)j crowded like those which cover the ground 
in autumn, and among these leaves large samaras, like those of 
A otopteryx Gp , occur In another bed the tuff was formed of 
cinders and small lapiUi, and the way m which the vegetable 
fragments were inbedded leads one to suppose that the branches, 
leaves, and fruits of the trees weie broken off by a shower of cinders 
and lapiQi A medley of sflioified branches of different sraes occurs, 
and among them are the cones of the spiuce, the nuts of the walnut 
{Jugla7is)j and the hickory (Carya), with the leaves of Gkrijego, etc 
In the finer tuffs we likevnse find the leaves of the walnut, the leaves 
and fruits of an ash {Fraxinus macrophyUa Hr ), and the leaves of 
species common m the Tertiary flora of (Greenland, such as the plane, 
oak, chestnut, beech, etc 

The presence of the leaves of Potamogeton, associated with a fresh- 
watei mussel (t/mo), indicates that the deposits weie of fiesh-water 
origin Some of the branches of the trees aie sflicified and exhibit, 
under the microscope, an extremely well-pieseived structure Dr. 
J. Schuster, who has undei taken a piehmmary examination of these 
remams, concludes that they all belong to one species, which was 
probably either an arborescent membei of the legummoseae or of the 
rosaceae It is clear that we have here to deal with fragments of 
vegetation bioken off by a shower of ashes and entombed in them, 
though some fragments may have been transported into a fresh-water 
basin contaming mussels and aquatic plants. 

The Tertiary plants discovered by the Norwegian expedition to 
BUesmeie Land deserve special mention on account of their state of 
preservation They consist almost entirely of branches of Seguom 
Langsdorjiif contained in a bituminous laminated clay, from which 
I have been able to remove them by a process of washing, with 
the result that they are now isolated hke dried specimens m a 
heibarium. 


1 E Ostrap, “Diatoin<ScrGP i iiog’e p Pi itarbr'indlag,” pt 1 Meddel fra Danslr Geol 

No. Copejlliagen, 1896 Ft 2, ib d , No G, i&OO 



344 AITNUAli BBPOBT SMITHBOlSriAIT INSTITUTION, 1911. 


I must now biing to a close my review of the ancient plant-bearing 
beds of the Arctic regions We may conclude that in the greater 
number of cases it is evident that the plants really giew in the 
regions in question. Although we know of fossil plants in some 
marine deposits, as, for instance, m the Senonian of Greenland and 
perhaps also in the Tiias of Spitzbergen, these are exceptions which 
lack importance, since other deposits of a closely corresponding age 
are of fresh-water origin While it may be admitted that even in 
Spitsbergen part of the Tertiaiy flora may have been transported 
from a moie or less distant country by a nver, yet other deposits on 
approximately the same horizon mdicate that the gi eater number of 
the species, and among them the most important types, have actually 
flourished in the region itself 

Taking into account the facts which I have enumerated, it is evi- 
dent that the fossil floras of the Arctic should be stdl regarded as the 
foundation of every discussion of the former climates of that region 
How are these favorable climates to he explained ? That is a ques- 
tion to which we are not able to reply at the present moment and of 
which the solution belongs to the future. 



RECENT ADVANCES IN OUR KNOWLEDGE OF THE PRO- 
DUCTION OF LIGHT BY LIVING ORGANISMS 


By F Alex McDermott, Washington, 1) C 


INTRODUCTION 

Tlie original papei upon which the foUomng is based was read 
under the title The Chemistry of Biophotogencsis/^ before the Chem- 
ical Society of Washington, D C , on October 13, 1910, and subse- 
quently published in the Scientific American Supplcnicni, No, 1842 
In rensmg this paper for pubhcation here it hjii bco*i foimd that so 
much new work of importance has been pubhshed or has come to the 
author^s attention m the interim, that it has been decided to recon- 
struct the paper along the line indicated by the above title, takmg up 
the more si^nficant recent work, and addmg a few heretofore un- 
pubhshed observations of the author 

The term ^^Biophotogenesis,” m its complete sense of the produc- 
tion of hght by living orgamsms, covers a group of phenomena accom- 
panymg the vital processes in a wide range of animal and vegetable 
forms The fireflies (Lampyridae) are to most of us the commonest 
and most brilhant of these forms, and the following will therefore have 
special reference to these insects. 

An excellent monograph C®) of the subject of the emission of 
light by hving forms, mcludmg an extensive bibhography of the 
important papers and a general review of the hterature, has appeared 
under the title ^'Die Produktion von Licht/^ by Prof E. Mangold as 
the second half of the third volume of Wmterstem's Handbuch der 
vergleichende Physiologic The whole hterature of the subject is 
very extensive, although much of the older work is without signifi- 
cance to-day A considerable number of scientific men, including 
workers m the fields of chemistry, physiology, biology, entomology, 
and physics, are working on the problems presented by the phenomena 
of luminous orgamsms, and important developments in our knowl- 
edge of this subject are to be expected 


- Numbeia jefu to lUetaluic references s-t tna end of paper 


345 



S46 AKlTtlAt. RJBIPOEX SKITHSOETIAN IH&TITXTTlOHy 1911. 


For tte sake of convenience the subject will be considered in the 
following sections in tins paper 

1. Physical properties of physiologic light 

2. The chemistry of the photogemc process 

3. The effect of chemical reagents, etc , on the luminous tissue 

4. The photogemc oigans. 

5. Fluorescent substances in luminous insects. 

6. Biologic relations of the phenomena. 

1 PHYSICAL PROPEBTIES OP PHYSIOLOGIC LIGHT 

It 13 an mterestmg and significant fact that the luminous radia- 
tions of the majority of lummescent organisms produce upon the 
human retma the sensations of yellowish green, green, or blmsh 
green That this color is the result of the actual composition of the 
emitted light and not a subjective phenomenon, has been demon- 
strated by a number of investigators 

The light of one of the common fireflies of the eastern United States^ 
Fhotmus py rails j has recently been made the subject of a veiy inter- 
esting spectrophotographiC study by Drs Ives and Coblentz, at 
the Bureau of Standards These observers found the hght of this 
insect to resemble very closely the hght of the Cuban cucuyo (Pyro^ 
pTioms nociihcus Liim ), as studied and described by the late Prof. 
S P, Langley and Prof F W. Very 20 years ago Briefly, the 
spectrum of the hght of PJiotinus pyralis consists of a structureless, 
unsymmetiical band in the red, yellow, and lower blue portions of the 
•visible spcclium, with a maximum at about that portion having the 
greatest lUuminating effect with the minimum of actmic and thermal 
effects It gives no hint of continuation in the mfra-red or ultra- 
violet portions of spectrum More recently, Ives has shown that 
there is no infra-red radiation between 0 7065 micron and 1 5 microns 

in the light of the firefly, nor is any ultra-violet r ’ ' * 

Coblentz (®) has shown that the chitm covenng the ^ 

of the firefly has a very low transmissivity for radiations of greater 
wave length than 2 5 micions, so low, in fact, that it would be diffi- 
citlt, in these wave lengths, to distmguish radiations from the photo- 
gemc organs from those due to the ordinary animal heat However, 
the same author ®) has foimd that the luminous segments of the 
firefly do give evidence of bemg at a slightly higher temperature than 
the rest of the insect^s body, and that the ventral side of the luminous 
segments is at a higher temperature than the dorsal He did not 
observe an increase of temperature during light emission 

While it seems probable that the hght of most other luminbus 
organisms is essentially similar to that nf PTiolinus pyralis ^ shght dif- 
ferences may be noted even between closely related species. A few 
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marine formsy e, g., the Cephalopoda and the Pennatnlidfe, gave hghts 
of several colors. Among the insects the only forms known definitely 
to present wide differences from this general similarity are the trop- 
ical species of Phengodes as observed by Barber (^) and others, which 
possess a photogemc organ, located back of the head^ that gives a dis- 
tinctly reddish light No spectroscopic studies of this led hght of 
PTiengodes have been made. Coblentz ®) has given spectrographic 
proof of the differences in the color of the hghts of PJiohnus pymhs, 
P consangmneus, and PJiotuns pennsylvamca, attention having been 
called to the physiologic differences by the author (^®) and othem, 
[Knab C®), Turner (®^)] The author has recently had an opportunity 
to examine the hght of PTiengodes laticollw (female) with the pocket 
spectroscope referred to in his paper m the Canadian Entomologist, 
1910 (^®), and found it to consist mainly of a narrow band m the 
yellow-green and green, with very much fainter ends stretching towai d 
the red and blue, the defimte ends of the band could not bo made out 
on account of the feebleness of the hght, and the javdommonce of 
the greenish band may, of course, be mamly duo to ihe groaioi’ 
retinal sensitiveness to these tones. 

Forsyth (^0 has claimed that cultures of certain photobacteria give 
spoctrophotographic evidence of the existence of ultra-violet rays m 
them emitted light It seems to the author that this observation is 
in need of confirmation, not that it is impossible, of course, but that 
it IS at vai'iance with previous work and with present ideas of the 
properties of physiologic hght McDermott failed to find evi- 
dence of ultra-violet radiation in the hght from cultures of Pseudo- 
monas luc%fera Molisch, and, as would be expected, also failed to find 
any indication of appreciable radioactivity 
It need scarcely be said that the hght of the firefly affects the pho- 
tographic plate, obviously spectrophotographic studies could not 
otherwise have been made upon it Photographs have been taken 
by means of the light of the photogenic bacteria and of the cucuyo 
In 1896 Muraoka announced that he had proved the penetra- 
tion of metal films by means of the light of the fiiefly m a manner 
similar to that of the X-rays. The author has failed to find any evi- 
dence of the penetration of thm sheet copper, aluminum foil, or ilio 
black paper with which X-ray plates are wrapped by blio hght of* 
PTiotlnus pyrahs It seems that under certain circumstances sub- 
stances which do not actually emit pono^irtin^r radiations may affect 
the photographic plate, and an cxpi?‘naU()nof Muraoka's lesults has 
been offered by Mohsch based upon bacterial or vapor influ- 

ence; but when we consider that his results were pubhshed only a 
little while after the discovery of the X-ray it seems possible that 
Muraoka was just a httle over-enthusiastic. However, Singh and 
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MniihTr (Ma) haTO I'acently published some results similar to those of 
Muraoka 

Judged from the fact that the light produced by many chemilumi- 
nescent reactions appears greenish to the human eye, it would seem 
that these should give spectra approximating that of the firefly [see 
Radziszewski (“*), Trautz O], but in view of the facts that the light 
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1 —Spectral ranges of light from difierent organisms 


emitted in most of these cases is very feeble and that the human eye 
is decidedly more sensitive to the greenish tones than to others, it may 
be simply that the amount of radiation, other than that giving the 
sensation of green, produced by these reactions is insufficient to cause 
the human retina to respond. However, it is difficult to class the 
PKiduction of light by living forms as other than a vital expression of 














LIGHT BY LIVIHG OBGAKISMS — McDBEMOTT. 


349 


oheimtuininGscence, and tlio fact (to be referred to in the next section) 
that the luminous tissues may be removed from the organism and desic- 
cated and still induced to produce hght uiKior certain circumstances, 
confiims the view that the only essential difPerence between the two 
phenomena is that biophotogenesis takes place in a living organism 
instead of a test tube 

A comparison of the spectral ranges of the light from different 
organisms is of some interest, and the accompanying chart has been 
compiled from data from the references given, and redrawn to a 
unifoim scale, the extreme left-hand end representing wave length 
0 70jU and the extreme right-hand end wave length 0 39/x, a few of the 
more important Fraunhofei lines are shown m the first spectrum, and 
the sodium D line is continued through tho senes by tho dotted line. 

2 THE CHEMISTRY" OF THE PHOTOGENIC PROCESS 

Our knowledge of the chemical processes involved in biophoto- 
genesis IS rather meager It is fairly well estabhshed that all photo- 
gemc organisms requuo at least two constant chemical factors in 
addition to the specific photogemc substance m order to exhibit 
their luminous property, viz, the presence of oxygen and of moisture. 

Dubois’s theory assumes the oxidation of a substance of un- 
known composition, to which he has given the name 'duciferine,’* 
through the agency of the oxidase ^ducif erase,” Prof Kastle in liis 
monograph on ^^The Oxidases and Other Oxygen-Catalysts Con- 
cerned in Biological Oxidations” refers to this claim of Dubois 
that the photogemc piocess in orgamsms involves the action of 
^ ‘lucif erase ” Prof Kastle’s obseivations on this point led him to 
beheve that no oxidase was present, but that peroxidase and catalase 
were present, he found that aqueous extracts of the luminous tissue 
of the ^oumiou firefly failed to turn tincture of guaiacum blue, 
oxcej)L m lIio presence of hydrogen peroxide, and the bluing in the 
presence of the latter was accompanied by the rapid disengagement 
of oxygen Quite recently Dubois (2*^) has put forth tho ^ lew that 
luciferase is a peroxidase, for the reason that it can be replaced to 
some extent by hydrogen peroxide Loew found that the lunnn- 
ous tissue of the firefly showed no greater catalase activity than 
other tissues from the same insect Lund has made smnlax 
observations on the enzymes in these insects Until moie defimte 
data are at hand, it would seem that the enzyme theoi}^ requires 
some caution in acceptance, but the facts so far as known certainly 
present some analogy to other known biologic processes of an enzy- 
motiG nature, and it is not at alt impossible that his explanation 
may be corioct WatasS oxpi eases tho view that in Noetiluca 

and other simple luminous forms the ^^phosphorescence” 
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IS associated with, the contractility of protoplasm, as a potential 
property of all piotopla&m, whether exlnbited or not, and he rather 
leaves the reader with the impression that he behoves that the par- 
ticles of food materials aie actually burned in the Imng tissues with 
the production of an incandescent temperature 

There has been a good deal of discussion, to and fro, as to whether 
the chemical processes involved in the production of light by the firefly 
and analogous forms aie really oxidations, and evidence both for and 
against the oxidation hypothesis has been ofTeied At present the 
gieat weight of the evidence is that m all cases the fundamental 
process is an oxidation, though not necessarily the oxidation of the 
same photogenic substance Polimanti has asserted that the 
luminous process m Pyrosoma elegans can not be an oxidation, and 
gives several aiguments m favor of the nonoxidative nature of the 
process, one of which is that the light has a greenish tone In view 
of the fact that, as mentioned befoie, a good many chemiluminescent 
reactions known to be oxidations produce the sensation of green 
upon the human letma, this aigument certamly does not seem to be 
valid. Lund (^-) states that while oxygen is a necessary factor to 
light production m the Lampyiidee, this does not prove that the 
chcrmcal process is an oxidation 

Jousset de Bellesme m 1880 stated that he believed the light to be 
due to the spontaneous combustion of phosphme, liberated by the 
j, decomposition of protoplasm, and Sir Humphry Davy (®) noted that 
‘ Lavoisier held a similar view The nature of the substance con- 
sumed in this biologic oxidation — the Noct'ilucin of Phipson the 
Lucifenne of Dubois and the PJiotogen of Mohsch — has 

been variously regarded by different authors Many seem to have 
regarded it as a fat or a fat-like substance, Phipson, who apparently 
isolated and analyzed a culture of photogemc bacteria, concluded 
that it contained nitrogen, Kolliker and Maoaire 0 ^) beheved it 
to be an albummous body Embryologically, it appears to be an 
extension of the fat layer m many, though not m all cases. (See 
Dahlgren and Kopner C) ) 

Of the moic icceut theories, Dubois states that the photogenic 
matciial of PJiolas dactylics gives some reactions for a nucleo-albumm, 
whde Polimanti regards the lummous secretion of Pyrosoma 
elegans as of a fatty nature, McDermott is inclmed to regard the 
active substance as a hpoid or phosphatid ^ Golodctz has shown 
that the blackening of fats by osmic acid is due to the presence of the 
oleic (oi other unsatuiated) acid radical; the present mteiest m this 
point is that the luminous tissues of the Lamp;nndfe of Phengodes 
laticolhs blacken mtensely on exposure to 0‘^lnJ(‘ ..(jd mclicatmg 

1 However, It must be said that bolli Daboib (pn\ ato coioiiiiiiutatlon) and tbeautlior lia’vo Jailed to 
B\tr^cfc n photogemc lipoid with, the usual lipoid solvents 
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generally the presence of a reducing agent, and more particulaily, 
piobably of an unsaturated fatty-acid radical 

Lund has recently brought forth some evidence tending to show 
that in the photogenic process m the Lampyiidse, there is an actual 
using up of some material by oxidation, with the deposition of a 
crystallm waste product in the tissues, forming to so-called urate or 
reflectmg layer, and states that it appears that theie is present a 
substance related to if not identical with some of the derivatives fiom 
nucleic acids His work is also strongly in support of the oxidation 
hypothesis, or at least that the process requires the presence of oxy- 
gen, even if it be not a simple oxidation He suggests that the reduc- 
tion of osmic acid may be due to the presence of a reductase;^’ the 
latter, howevei, might still be dependent on an unsaturated fatty- 
acid radical for its activity Coblent z also notes the expenditure 
of the photogemc substance, without legeneration 

All attempts to isolate and analyze the active substance have failed. 
When the lummous organs of the firefly are tieated with alcohol or 
ether m an atmosphere of hydrogen, the liquid acquires a yellow 
color, but no hght emission occum when it is exposed to the air or 
treated with hydrogen peroxide. Lecithm does seem to exist m the 
insect m small amount 

Emmerlmg has studied the hydrolysis products of Nochluca 
and finds a number of the ordmary physiologic ammo acids Lam- 
kester C®®*) remarks that the products of metabolism in Nochluca 
are albuminoid and fatty granules 

The interestmg fact that the photogemc tissue of luminous life 
forms preserves after desiccation the power to evolve hght on the 
application of water m the presence of air or oxygen, has long been 
known, and it at once suggests other laiown instances of the preserva- 
tion of biologic activity by drymg, as exemplified by the yeasts and 
ferments. By dxymg the photogemc tissue of PJiohnus pjralis over 
sulphuric acid in hydrogen or a hydrogen vacuum, dry material has 
been prepared which has retamed its photogemc activity apparently 
without loss when kept in sealed tubes for over IS months Indeed, 
there seems to be no good reason why, under these rj — i-' -r i*- 

should deteriorate In its conduct toward vanou • n i‘m * 1 - 
stances, the dried tissue, after moistenmg, does not omei essentially 
from the live msect or the freshly detached luminous organ It glows 
on moisiemng in the air, somewhat brighter on moistening in oxygen, 
and but dimly or not at all when moistened in nitrogen, hydrogen, 
and oaibon dioxide Moistened with 3 per cent hydrogen peroxide 
instead of water, the dried tissue produces a muckbnghtei light than 
vith water alone, accompanied by ibe cl^'rompo lUon of the peroxide 
Lund (*“) also calls attention to i! e cjicc. ( f liydiogen peroxide on 
the fresh tissue. 
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McDermott Q^) has recently recoided the results of some experi- 
ments with hquid air, which show that exposuie of the photogenic 
tissue, fresh or desiccated, to this temperature, and gnnding while so 
exposed does not m the least affect the ability of the substance to 
produce light upon restoration to the normal temperature Macf ad- 
yen found that, while exposure of the luminous bacteria to the 
temperature of hquid air did not inlnbit their abihty to produce 
growth and hght upon return to the normal conditions, trituration 
at this temperature peimanently destioyed the photogenicity It 
would appear, then, that there is some essential difference between 
the microorganism and the insect in this legard 

The photogenic bacteria present many interestmg problems, their 
ability to grow and luminesce in a medium ccnsistmg only of a solu- 
tion of 3 per cent of sodium chlonde and 1 per cent of asparagin in 
water; the dependence of the maime species on the presence of certain 
mineral salts, and these in certain concentrations, and upon the pres- 
ence of oxygen, for light production, the pathogenic and symbiotic 
relations existing between some species of these 
some lugher oiganisms are all matteis of great ■ « '!!)■- 

mott 0®) made some experiments with the view of determining any 
chemical resemblances that might exist between these bactena and 
the fireflies The work was on the whole inconclusive, but mdicated 
that if proper conditions could be airanged liquid cultures of the 
bactena might be dried and afterwards caused to produce Hght on 
moistening Molisch found that the thicker layers of growth of 
photobacteria on sohd media could be dried and would exhibit their 
. bvity on moist emng, 

The well-imown work of Eadziszewski has already boon rofcnod 
to, and also the more recent researches of Trautz l)el6pine 0) 
has expel imented with a large senes of thiocarbomc esters and 
related bodies, which appear to be phosphorescent^^ as the result of 
oxidation, a phenomenon to which this wnter has given the name 
^^Oxyluminescence.^^ Hernandez and Cerdan (“^) have questioned 
Dei6pine’s view of the nature of the ^^phosphorescence'' m these 
cases, and refer it to a form of tnboluminescence In any event, 
woik along this hne has some bearing on the problems of biophoto- 
genesis. audit seems not too much to expect that it m^v develop thrd 
in orgamc chemistry there will be found to be “p'U/iopJjorc ' or 
^^photogen" gioupings, ]ust as we now have ebromophore and fluoro- 
phore groupings, fluorogens, etc* 

Various observers have found the urates and phosphates of ammo- 
niam sodium, potassium, and calcium in the luminous tissue and its 
a^^h Dubois at one time seems to have rejected the oxidation theory 
and to have believed that the hght was due to the spontaneous 
crystallization of ammonium urate (crystallo luimnesceiice)^ 
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Guamne appears to have been found in the reflecting layers of the 
photogenic organs of some marme forms, and Lund C-) states that 
the dorsal layer m the firefly^s organ gives the test for guamne under 
some conditions 

In summary it may be said that the biophotogenic process is prob- 
ably an oxidation in all cases, and that the substances whose oxidation 
pioduces light is a complex product of cell motabohsm containing 
both fatty and albuminous ladicals, and probably differing in com- 
position in each type of oiganism The mechamsm of the process 
may vary — the oxidation may be direct or inchrect — according to the 
type of photogemc oigan and the particular species of orgamsm in 
point. 

Light IS a form of eneigy, just as aie heat, electricity and chemical 
affinity We know that in many chemical reactions a great deal of 
the energy of chemical affinity is tiansformed, probably directly, into 
heat, and sometimes some of it appears as electricity. If sufficient 
heat IS geneiated, a portion of the oiigmal chemical energy may be 
transformed into hglit indirectly through the agency of the heat, the 
phenomenon bemg known as incandescence But there appears to 
be no good reason why some of the cheroical energy might not appear 
directly as hght if the conditions are favorable, and indeed it is quite 
evident that such is sometimes the case, unless we adopt the view of 
the combustion of food particles in the tissues,'' referred to Watas6 
a little wlnle ago For mstance, the hght-producing reaction 
between hydrogen peroxide and an alkalme solution contaimng 
pyrogallol and formaldehyde, generates considerable heat, enough to 
make the container uncomfortable to hold in the hand, yet nothing 
approaching that required for incandescence, and it is certainly mcon- 
ceivable that there could be pai tides heated to incandescence by 
chemical action in a solution It seems possible, however, that in the 
lecture experiment desciibed by Schwersenski and Caro COj which 
it appeals that alcohol is oxidized by ozone in the presence of the 
powerful dehydiating agent sulphuric acid, there may actually be 
small explosions, with incandescent temperatures, m the liquid, though 
it IS not impossible that the flashes of Light observed result from the 
direct transformation of chemical mto radiant energy If, m the 
pyrogalhc acid reaction, solid sodium peroxide be used instead of 
alkaline hydrogen peroxide, a flame maybe produced, but the charac- 
teristic light in the solution is produced at the same time, and it 
seems probable that the flame is due to the combustion of the vapor 
of formaldehyde (driven off by the heat of the reaction) in the oxygen- 
rich atmosphere produced by the evolution of oxygen during the 
solution of the sodium peroxide It is of some interest in connection 
With Radziszewsla's work, that in both this reaction and that of 
Schwersenski and Caro the active substance may he an aldehyde. 

38734^— SM 1911 23 
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3 THE EFFECT OF CHEMICAL BEAGENTS, ETC , ON THE LUMINOUS 

TISSUE 

Duimg the summer of 1909 the wiiter was associated with Prof 
Joseph H Kastle in a study of the effect of various chemical reagents 
on the luminous tissue of PTiotinns pjrahs Prof. Kastle and 
the writer tried the effect of a laige number of chemical substances 
upon the hve insect, the fieshly detached lummous oigan, and the 
lummous tissue which had been diied in hydiogen, and some of these 
results seem woithy of special attention Taking first the hve 
insect Injections of solutions of the metallic mtiates, of strychnin, 
and of adrenalin caused the emission of hght Immeision of the 
insect in methyl and ethyl alcohols, in ether and in cliloroform, 
resulted m the production of hght Immersion in pure oxygen 
appeared to stimulate the photogemc function somewhat, but not 
as much as might have been expected Immersion in mtious oxide 
caused a considerable increase in the intensity of the hght In 
the cases of mjcction and immersion in hquids, the reagents kill the 
insect, but not until they have caused hght emission Nitrous 
oxide narcotizes the insect, but in the air it recovers again Hydio- 
oyanic acid and cyanogen kill the insect, of course, but not until they 
have caused the emission of hght The luminous organ of one of 
the local species of Larnpyridce has been observed to glow in the 
mixture of air and prussic acid in the cyamde killmg bottle for over an 
houx', long after the actual death of the msect Ammoma water 
causes the evolution of hght eithei by injection or immersion; 
Watasfi is authority for the statement that if a tissue suspected of 
bemg luminous refuses to give hght with any other stimulus, it will, 
if a tine photogenic tissue, glow on moistening with dilute ammonia 
water The injection of 3 per cent hydrogen peroxide solution also 
caused the evolution of light Lund has also studied the effect 
of H 2 O 3 on the, tissue 

With the freshly detached lummous segments, the most notable 
results were obtained with the vapois of methyl and ethyl alcohols, 
carbon tetrachloiide and bisulphide, and monomtrohenzene actmg m 
the presence of air All of these reagents caused hght emission and 
the hght given out was not the contmuous f amt glow fiequently the 
result of weak chemical stimuh, but was accompamed by a senes of 
distmet flashes or pulsations of hght similar to the normal flashes 
of the msect. With the detached organ, the effect of powerful 
poisons was in almost every instance to produce the evolution of 
light, sometimes faint and of short duration, but defimte As 
examples of poisons acting thus may be cited hydrofluoric acid, iodme 
cyamde, and bromine. 
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Thus fai one substance alone has conducted itself as a positive 
inhibitor of the photogenic function This is sulphur dioxide 
Carradori observed tins fact with the Luciola %talica over 100 
years ago, and Dubois has made a similai observation vnth icgaid to 
the cucuyo* The live msect, the fleshly detached luminous oigan, 
and the dried tissue, placed in this gas, all fail to glow, or glow but 
weakly and momentaiily, and are dead to all othei stimiih when 
removed fiom it As a rule even those substances which tend to 
poison the luminous tissue caused the evolution of a dim hght at 
fiist, but not so with sulphur dioxide in the majonty of cases m which 
we used it It has since been found by McDeimott 0®) that liquid 
sulphur dioxide and hqmd ammoma both destroy the photogenic 
power of the dried tissue 

Mechamcal stimuh, such as friction and percussion, and physical 
stimuli, such as electricity and heat, also cause the production of 
hght by the lummous oigans of the firefly, whether attached to the 
hvmg insect or detached The effects of various temperatures and of 
electric discharges of various strengths have been extensively studied 
by other observers Lund’s observations on the effect of heat 
on the tissues are very interesting and important, as showing definite 
temperatures as the fatal points for light production, reduction of 
OeO^, etc Transferrmg the detached lummous organs from one gas 
to another, even though one or both be chemically neutral, may cause 
hght production, apparently due to some osmotic effect Curients 
of air and other gases exert an effect on these detached organs, winch 
Pi of Kastle has compared to the effect of aii currents on the strych- 
nimzed frog It is obvious from these facts that the luminous tissue 
IS one of great mitabihty 

Some of these results indicate that the effect of leagents is exerted 
on the nervous system lather than threctly on the luminous tissue, 
and this probably accounts for some of the irregulai and conflictmg 
results obtained by those who have experimented in this field* 

The significant fact that osmic acid is reduced by the lummous 
tissue has already been referied to It has been observed that 
fixmg fluids containing this oxide increase the intensity of the light 
of fresh luminous organs placed m it, but whether tins is due to direct 
oxidation by the osmic and chromic acids present, or to irritation 
of the neivous system produced by them, can not be said 

The writer has observed that liquid luminous cultures of Pseu^- 
domonas luafera are extmguished and killed by the addition of solutions 
of hydrogen peroxide and sodium perborate, and of monomtrobenzene, 
but that the effect of adding solutions of potassium perchlorate was, 
if anythmg, to increase the intensity of the hght, and 
not killed m two days. 
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4 TEE PHOTOGENIC ORGANS 

The luminous apparatus of the male of Photmus pyrahs — the more 
commonly seen of the sexes — occupies the entire ventral surfaces of 
the two abdominal segments next to the last, and a portion of the 
piecednig segment. That of the female is a small rectangular area on 
the thud abdominal segment from the last, both sexes have also two 
very small pomts of luminous tissue on the last abdominal segment. 
In general the luminous appaxatus of other Lampyiidas is confined to 
a similar location on the body, though some species of Phausis and 
Phengodes show a mder distribution of the organs 

The luminous oigan of Photinus pyraliSj m common with those of 
the other Lampyridse which have been studied, consists of two layers 
of cells, under the outei transparent chitm These layers of cells are 
penetiated by numberless tracheae, the ends of which aie connected 
by a network of veiy fine tiacheoles, the whole system resembhng the 
finei vouiing of a leaf On the inner surface of the organ these tracheae 
umte to foim larger passages, which unite neai the spiracle with the 
breathing trachese It is practically certam that durmg the life of 
the msect these tiachem are filled vnth air Of the two cell layers, the 
outer consists of a mass of some special type of nucleated cell, of 
unknown nature, penetrated by the aeiophoro cylinder, while the 
inner layer is composed mamly of urates, and probably serves as a 
sort of reflectoi 

Several studies of the stiuctures m different species of Lampyridse 
have been made, which agree with each other m a general way, 
McDermott and Crane CO have shown that the structures m Phohnus 
pyraliSf P con$angmne%Sj and PJiotuns pennsylvamca are quite 
similar, and agree veiy well with those described by Townsend CO for 
Phohnus mnrgineUus The organs of Photuns presented some slight 
differences from those of the other species Lund (^) has lecently 
examined the photogenic tissues m a number of Lampyrids, and 
. come to VGiy similar conclusions 

Bongardt (0 has studied the photogenic organs of PMusis {Lam- 
pyns) sphnd^ulaj Lampyns nochluca, and Phosphaemis liemipterus^ 
three European Lampyrids, and apparently failed to find anastomosis 
of the tracheoles. However, the author has recently examined some 
sections of the luminous tissue of Lampyns nochluca (female), and 
had little difficulty in seemg the tracheolar anastomosis, the struc- 
tures differed somewhat from the Amencan Lampyndse, the distribun 
tion of the tracheal blanches being less regular, and the ‘'cylmders'^ 
(as m Photuns also) less diarply defined than in Phohnus. He has 
also examined the tissues of Phohnus scinhlLans and Lecontea hic%feTa 
and found them to be practically identical with those in the insects 
previously studied. 
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The luminous oi'gans of Pliengodes luUcoTlis (female) present a 
different structure The photogemc tissue does not show the definite 
and more or less legular boundaiies seen m the other species studied, 
but seems to be simply small masses of tissue^ without legular margms; 
the mate layei, moreovei, appeal’s to be entirely absent As com- 
paied with the tissues of the Lampyridse above described, the mdi- 
vidual cells are very much smallei, and the numbei of tiachese is 
much less At this tune nothing can be said regardmg the airange- 
ment and distiibution of the tracheal capillaries, except that only a 
very few have been observed and none could be traced to pomts of 
anastomosis 

Among the other luminous organisms, considerable attention has 
been directed to the fish, the sea-stars (Ophunans), the Annelids 
{QdoniosxjTks) and Acliolmj and to a variety of other marine forms 
Much of the moie lecent woik is contamed m Mangold^s monograph, 
and treated therein quite exhaustively. Briefly, many of the photo- 
genic oigans in maiine foims appear to be typically gladulai, and of 
degrees of complexity vaiymg fiom simple secretmg cells to complex 
arrangements of glands, reflectors, and lenses 

Putter has divided biophotogemcity mto intra- and extra- 
glandular processes and mto mtra- and extra-cellular lummescence. 
Under this classification the process in the fire-flies, the fish mvesti- 
gated by Steche (°^), etc , is intra-glandular and mtra-cellular In the 
cephalopoda and certam fish which are supposed to secrete a photo- 
genic product m one portion of the organ and then utilize it in another 
portion serving as a receptacle, the process is intra-glandular and 
extia-cellulai, while m the annelids (Odontosyllids) [Galloway and 
Welch Aclioloe^ [Kutscheia (^^)], the myriapods [Dubois 

Thomas (®®) and others], cei tarn prawns [Alcock (0], and some species 
of cephalopods [Hoyle ( 2 ^)], the process is extra-glandular and extia- 
cellular. ('Hntia- ' and extra-organic” would perhaps be better 
general words than intra- and extra-glandular ) 

The photogenic organs of some fish and cephalopods show a net- 
work of blood vessels, correspondmg roughly to the aerophore trache- 
oles of the fiie-flies. Many of the organs in these forms and m certain 
crustaceans (see Mangold), show a ^^search-light” or ^‘bullVeye” 
structure in which there is more or less well-defined lens, a hght- 
producmg body, and a reflectmg layer of approximately parabolic 
outlme. 

There is a considerable field for further investigation m this matter 
of the structure of the light-givmg organs of different forms, and some 
of the work that has been done is m need of confirmation. We can 
not but wonder at the processes which during the ages have operated 
to produce these structures m present-day organisms — how they 
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originated, and wliy The phylogenetic problems aie certainly very 
interesting, and present remarkable instances of ^^convergence.’' It 
IS hoped to collect some of these cases and develop them an a future 
paper 

5 FLUORESCENT SUBSTANCES IN LUMINOUS INSECTS 

An interesting circumstance in this connection is the existence m 
certain luminous organisms of a substance whose solutions exhibit a 
brilhant blue fluoicscence Dubois found this substance m 

the cucuyo, and in Luciola itahcaj and named it ^ Tyrophorme/' from 
Pyro'phoTUB noctilucuSj the entomologic name of the cucuyo More 
recently Ccblentz (0 has found it in PJiohnus pyrahs^ PhohnuB cor- 
TUBUB, and Photuns pennsylvamca, and the author has found it in 
PTiotinus consangmmusj P sc%ntiUans^ and Lecontea luc%fera It is 
also present m the larva of PTiotinus pyralis, and in other lampynd 
larvie Dubois regarded tins substance as a glucoside, 

analogous to esculin (a glucoside which is present m the bark of the 
horse-chestnut, and whose solutions possess a blue fluorescence), 
while the present author CD concluded that it had an alkaloidal 
nature, and not at the time being aware that Dubois had offeicd the 
name “Pyrophorine" for the fluorescent material from the cucuyo, 
suggested the name ^^Luciferesceine” for the substance from the 
Lampyndae Neither view as to its chemical nature is at all definite, 
however, and moie work will be necessary to elucidate this pomt. 

Fluorescent extracts of the pyrahs are produced by extraction with 
alcohol, ether and watei, but not by chloroform, benzene, or carbon 
tetrachloride The fluorescent material is not precipitated by lead 
acetate, mercuric chloride, ammonium sulphate, nor chlorplatinic 
acid It appears to be a solid at ordmary temperatures, though as 
emitted by the insect it is contamed in a sticky exudation, which 
soon hardens in the air 

Lucifcresceine dissolves readily in liquid ammonia, the solution 
presenting the blue fluorescence characteristic of aqueous and alco- 
holic solutions, the solution itself bemg very pale yellow 

Dubois seems to have regarded this substance as of use to the 
insect in transforming useless into visible radiation, and thus improv- 
ing the quahty or mtensity of the emitted light , and he states that on 
tins theory he fii’st advanced the idea of the use of fluorescent mate- 
rials with artificial illummants to improve the quality of the hght, 
as is now done in the use of rho damme with the mercury vapor arc. 
Two things, however, stand m the way of the n^coptanro of the view 
that the fluorescent property of this substance !•= (n \ -e t(r ihe insect; 
first, the internal juices of the msects (at least of PTiotinus pyralw) 
are slightly but distinctly acid, and it has been found that even a 
weak acid reaction destroys the fluorescence, second, Ives and Co- 
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blentz (ante) pliotograplied tlie spectrum of the fluorescent light from 
solutions of luciferesceine and of the emitted light of the fire-ily 
itself, and showed that the spectra aie almost complementaiy, and 
that the fluorescent spectrum does not appear on the plates of the 
emitted light of the insect, although these plates weie sensitive to 
the wave-lengths embi aced m the fluorescent spectrum In any event 
the mtensity of the fluorescence of the mateiial in a single insect would 
be too shght to have any appreciable eflect in modifying the color of 
the emitted light (See Coblentz ) In fact it seems probable 
from the work of Tappemer and lodlbauer (®^) that if the substance 
should actually fluoresce in the bodies of the insects, it would kill 
them Pigments and other substances showing fluorescence aie not 
uncommon in animals , Stubel (^^) has claimed that all animal 
tissues exliibit fluorescence when exposed to ultraviolet light, while 
Arndt (piivate communication) states that he has observed the 
presence m most insects of substances which are fluorescent under 
the influence of the X-rays 

Personally, the writer is inclined to regard the fluorescence simply 
as an incidental pioperty dependent on the structure of some com- 
pound frequently met with in insects of this nature, much as Jordan 
(32a^ regards the fluorescent pigment of Bacillus Jiuorescens hguefaciens 

Dr Coblent z finds that these fluoiescent extracts exert a strong + 
rotation on polanzed light 

5 BIOLOGIC RELATIONS OF THE PHENOMENA 

There has been a good deal of discussion as to the significance of 
the photogenic functions for the forms possessmg it There are 
four recent papers of consideiable impoitance m this connection 

Galloway (^^) [Galloway and Welch ( 2 ^)] has observed the use of 
‘ ^phosphorescence as a mating adaptation m an Odontosyllid, Odonto- 
syllis Enopla Vemll, this apparently bemg the first mstance m which 
the relation between this function and the reproductive hfe of the 
organism has been definitely established McDermott (®^) has con- 
firmed the old and frequently over-looked observation of Osten- 
Sacken (®®) that the photogemc function plays an important part m 
the matmg of PTiotinus pyrahs, and has extended the observation to 
a few other species of Lampyndae Mast (^®^) has confiimed this 
result as applied to Pliotinus ardens, and brought out the beaimg of 
the phenomenon on the problems of phototaxis and orientation 
Lund ^) has made observations on Odontosylhds, Lampynds, 
and Elaterids, which tend to support the observations recorded m 
the above-mentioned papers An extended study of the relation of 
the photogenic function to the reproductive life of a large number of 
species of Lampyndae of dififerent genera would be of groat intorc-1, 
especially as the females of a great many of the species of 
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are unknown, while in some other instances, the females alone are 
known A number of observations of the relations between size of 
eyes, length and complexity of antennae, and the development of 
the photogenic function m the sexes have been made, the extreme 
of which appears to he reached m forms hke Phengodes laticolhsj 
where the male is wmged, has very large eyes, large, plumose 
antennae and is non-luminous, while the female is intensely lummous 
from a large number of photogemc organs, is entirely apterous, has 
very small eyes, and only rudimentary antennae 

The reported lummosity of midges {CTiironomus) has long been a 
matter of onriosity and sf>eculation. It has at last been proven by 
Issatschenko — as was previously suspected — that the light emis- 
sion in these msects is due to bacteiial mfection, appaiently patho- 
genic This stiongly recalls Giard^s observation (^0 of the patho- 
genic relation of a species of photogemc miciooiganism to Tahirus. 
It may also have a confirmatory value toward the explanation offered 
by Distant of the alleged luminosity of Fulgora In view of the 
known propensity of owls to hide durmg the day in hollow trees, 
and the frequent mfection of such trees by photogenic molds, etc , it 
seems that a similar explanation nught be advanced foi the occasional 
instances m which these birds have been reported to be lummous, 
such as those cited by Dobbs and Moffatt (“), and Purdy 

A number of observers have, at various times, reported the lumi- 
nosity of vanous species of eaith-woims Walter attributes this 
property to the secretion of certam glands m the skm of the worm, 
which IS of interest when considered with the studies of Galloway 
(32, 23) related marme Odontosylhds, and those of Kutschera 

(^) on Acfioloe^ m this latter instance the luminosity appears to have 
a defensive function 

So far as marine forms in general are concerned, the photogemc 
function appears to have a variety of uses, its significance to a given 
organism depending on the method of life of the species Alcock (0 
brmgs out thus variation m the use of the function in marme organ- 
isms very well Nuttmg has also had a very interestmg paper 
on this phase of the subject. With the mcreasmg knowledge of the 
existence of light-giving structures m numbers of species of fish, 
cephalopods, oiustanceans, and many lower forms, the views as to 
the use of such organs to their possessors are gradually broadening, 
and the conception of the conditions of life in the depths of the sea 
becoming more and more definite and interestmg 

Several studies of the structure and development of the luminous 
organs in various fish have been made, perhaps the most mterestmg 
and complete of which are those of Greene (^0 and Gatti CO; neither 
of these papers can be convemently quoted here, but both are 
important. 
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It seems to the author that the question of the i elation of the 
photogemc function to the hves of the cieatures possessmg it has 
not had the attention it deseives Reliable and definite observations 
are scatteied, and sometimes conflicting, and there is much giound 
that has not been covered that would form an mvitmg field for some 
extremely interestmg biologic stutlies 
Moore has made the mteiesting obseivation that ceitam 
luminous marme oiganisms show a diurnal periodicity of light- 
emission, even when kept in complete darkness foi sevezal days; 
this periodicity shows itself by the appearance of light at appioxi- 
mately the same time m the evening and its cessation at about dawn, 
even though the cieatures are kept away fiom light duimg the whole 
time of obseivation 


CONCLUSION 

We can not say now what possibilities he befoie us in the discoveiy 
of the “seciet of the firefly/’ particulaily as to the land of “oil” he 
uses in his little lamp Perhaps it will be discovered and turned to 
practical account The emitted hght of the fiiefiy is far fiom being 
a good hght foi general illumination, m spite of its high luminous 
efficiency, on account of the veiy limited range of color effects pos- 
sible under it A smgle firefly has been variously estimated to give 
from -gV (Coblentz,®^) to -r-g-V-g- (Langley and Very,^®) of a candle power, 
so we would need quite a high “firefly power to hght oui homes 
and stieets by biophotogemc light Theie are still many gaps ni our 
knowledge of tins inteiestmg subject, in spite of the large amount of 
work that has alieady been done, but one by one we hope to close 
these up and discover the seciet of the cheapest form of hght 
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The term “organic eTolution’' implies that existmg orgamsms aie 
children of the past and the parents of the futuie As biologists we 
hold that this order of things is the result of natural piocesses of giowth 
and change worlong throughout past ages, m fact, that existing 
plants and animals are the Imeal descendants of ancestors on the 
whole somewhat simpler m orgamzation, and that these derived 
from still simpler forms, and so backward to pre-Cambrian geo- 
logical periods, when we have reason to beheve that hvmg oigamc 
matter jSxst came into existence on the earth Of one thmg we may- 
be sure, which is that evolution, accordmg to the above definition, 
depends on the fact that the Imng substance which constitutes the 
essential part of orgamsms on the one hand is capable of passmg 
its form and functions on to its descendants, and on the other hand 
possesses an oigamc changefulness winch we call vaiiabihty ^ 

Oigamc evolution implies a defimte structural aiiangement and 
combination of an aggregate of elements into a form which constitutes 
a umt or cell, one or it may be a mass of these umts form the body 
of an organism. This form of matter is known as protoplasm or the 
basis-substance of life, because the complete senes of phenomena 
which collectively we call life are manifested tlirough the mstru- 
mentality of this kmd of matter,^ 

The protoplasm of livmg cells, among its other constituents, mva- 
riably contams a chemical compound known as protem, a wonder- 
fully complex substance For mstance, the pro tern which exists in oui 
red blood cells is said to be composed of molecules having a chemical 
formula of Cqoo Ni64FeOi79, whereas the formula of water is ll^O 
And ]ust as the pecuhar properties of water are given to it by the 


1 Heredity, “by J Arthur Thomson, p 12, London, J Murray, 1908 

2 These phenomena include the power possessed by Uving protoplasms of replacing its worn-out elements 

i ^ TV ‘ changing its form or functions, of reproducmg ’ 

I r M * " I > ,tr V , enzymes, it is also capahio of hemg modified by i 

forces in such a way as to become a transformer of energy into psychical and other processes 
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properties of the hydrogen and the oxygen which combine to form it, 
so the marvelous properties of piotem are due to the assemblage of 
the propel ties of the carbon, hydrogen, and other elements which 
enter mto its composition. The molecules of piotein, in some at 
pxcsent unloio’wn way, are built up so as to form the still more 
complex body, living protoplasm.^ 

The fundamental prmciple we have to bear m mind is that hving 
protem, without alteration in its chemical composition, is capable of 
existmg in a multitude of forms As Pi of W. B Hardy states, all 
proteids are not the same pioteids, theie are proteids of men, others 
of beasts, others of fishes, and others of birds. The properties of a 
complex substance hke protein axe defined not so much by the land 
of atoms or number of elements of which it is built up, as by the 
structural arrangement and the motion of those atoms m space ^ 
He gives as an example the molecules of two chemical substances, 
benzonitrile and phenyhsocyamde, each of these bemg composed of 
seven atoms of carbon, five of hydrogen, and one of nitrogen There 
IS a small difference m the arrangement of these atoms, this differ- 
ence so alfers the properties of the two substances that one is a harm- 
less fluid with an aiomatic smeU, the other an offensive poison It 
is evident from the complex nature of the elements of a proteid that 
its molecules must be of far larger dimensions than the molecules of 
inorganic substances, but the larger the size the greater the proba- 
bility of variation of its elements m detail by the action upon them of 
various forms of energy As we have elsewhere stated, it is, we hold, 
m consequence of the umqiie structural arrangement and motion of 
the elements which constitute protoplasm, that it acts as a trans- 
former of chemical and other lands of energy mto phenomena char- 
acteristic of livmg matter.^ 

The majority of persons who have studied the subject are of opmion 
that organic evolution is a natural process, the existmg orders of ani- 
mals and plants having been progressively developed out of specially 
adapted protoplasmic elements. Nevertheless, a considerable num- 
ber of educated people have imsgivmgs on this subject, for they fail 
to comprehend how, if the various classes of ammals have been gradu- 
ally evolved out of a common form of orgamc matter, it comes to 
pass that some of them should possess a nervous system, through 
means of which they have gamed the power of guidmg their actions 

1 The Doctrine of Evolution, by Prof H E Crampton, p ^ 

3 Science Progress, vol l,p 195 

s It may be shown that wo can fix certain qualities on the surface layer of solids such, as protoplasm by 
the use of mmute amounts of salts The salts may be wa^ed out, but Its effects remain and exert a direct 
,r" r V r " r " oV u u i ' i' , ■*') u'" this action lasts for all time in the absence of active 

P r 1 I MC” i-ii 0.1 ^ T V 'j ''I- quo, vols 2and3, pp 61,50, Human Speech, by N 

C n< r‘- , T IL -I « i_ . O'Cl , 0 %p 12 

Prof Vma, in his admirable — states Wimt we call 'life’ or biological 

organization Is the result of a ■ r pp 268, 271 
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by intelligent thought, -while other classes of beings, derived from the 
same foims of mattei, have failed to develop these powers, their 
movements bemg governed by automatic and reflex processes In 
attempting to give a reason foi this state of afTaiib, \ve assume that 
at a certain stage of oui earth's foimation an aggregation of elements 
came into existence such as that to winch we have above lef erred ^ 
Oiii object IS, if possible, to ascertam iindei what conditions and 
demonstratable propeities, this oigamc matter has developed mto 
the oiders of animals and plants now living in the woild 

In attempting to master the complex mass of phenomena which 
are involved m the solution of a pioblem of this kmd, there is only 
one lational course to pursue in older to get a view of its cause, we 
must invent an hypothesis — that is, we must place befoie ourselves 
some more or less likely supposition lespecting the cause, and, 
ha\ung framed oui h3rpothesis, wo must endeavor, on the one hand, 
to piove that the siqiposed cause exists in nature, that it is com- 
petent to account for the phenomena, and that no other known 
cause is competent to account foi them ^ 

Various hypotheses have from time to time been promulgated to 
accoimt for the natural evolution of animals and plants Of these 
theones two at present occupy the serious attention of biologists 
The one known as Darwm's hypothesis, or natural selection, assumes 
the progressive evolution of the simpler into more complex orders 
of bemgs The other is De Vries's hypothesis of mutation, which 
assumes that new species of animals and plants have suddenly been 
produced from preexistmg fuUy formed bemgs ^ 

We may best appreciate Darwm's hypothesis by leferrmg to his 
own remaiks on the sirfiject He states that in his opimon animals 
have descended from at most only four or five progemtois, and plants 
from an equal or lesser number This would lead us one step further, 
namely, to the belief that all ammals and plants have descended 
from some one prototype " ^ We may suppose that the j)runerai 
prototype began by producmg bemgs like itself, or so shghtly affected 
by external mfiuences as at first to be scarcely distmguishable from 
their parent When the progeny multiphed and diverged, they came 
more and more under the influence of ^ ^natural selection/' and thus 
through countless generations under the operation of this law human 
bemgs weie finally developed 

Darwm refers to the multitude of the mdividuals of every species, 
which from one oi another cause peiish either before or soon after 
attaimng maturity He states that m consequence of the struggle 

1 Evolution Darwinian and Spencerian The Heibert Spencer Lecture, by Raphael Meldola, P E S , 
p 20 Also Human Speech, by N C Macnamara, p 12 
* Huxley Essays Phenomena of the Origin of Mattel Everyman's Library Edition, p 247 
8 Species and Varieties their Ongm by Mutation, Heredity, and Evolution By Hugo de Vnes 
^ Ongln of Species, p 484 
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foi existence, any yariation howeyei’ slight, and from whatever cause 
proceeding, if it be in any degree profitable to an iiicliYidiial of any 
species 111 its infiiiitely complex relation to other beings, and to its 
cnnromneiit, will tend to protect that mdiYidiiai and will generally 
be inheiited by its offsprmg Dai win calls the pimciple by which 
each slight useful vanation of an orgamsmwaspieserved, the principle 
of natural selection, in order to emphasize its relaxion to man’s power 
of selective breeding For it is well known that by careful selection 
of the stock, we can adapt organic beuigs to our own use through 
the accumulation of slight but useful variations Natuial selection, 
liowevoi, IS a power constantly leady for action, and is as immeas- 
urably superioi to man’s efforts as the woik of nature is to that 
of ait ^ 

Darwm lepeatedly insists on the fact that natural selection could 
not have been effective, unless vexy long periods of time were allowed 
for its complete action It is evident that tune must have been an 
all-important factor if wo aie to suppose, that by the interaction of 
the inherent pioperties possessed by the elements of livmg organic 
matter, its structural arrangement became gradually modified in 
such a way, that the existing classes of ammals and plants have been 
evolved out of it For, as the late Prof Huxley states, natural 
selection implies not only the existence of orgamc matter, but also 
its tendency to transmit its pioperties, and its tendency occasionally 
to vary, and lastly, given the conditions of existence, that these 
put together aie the cause of the present and the past conditions of 
orgamc nature* 

The only evidence we can bring to bear on the sub]ect of the pro-’ 
gressive evolution of the ammal kingdom is d’feiived from a study of 
them fossil lemains, in the vaiious geological strata of our own, and 
other parts of the world ^ The length of lime these strata have 
taken to form is an open question, but we ina}^ be sure that our 
chalk rocks, for instance, consist of the shells of maiine species of 
ammals, and that these lemains of once Iivmg beings must have 
taken long peiiods of time to have been deposited layer upon layer at 
the bottom of the sea Dai'wiii states that the fineness of gradation m 
the shells of successive substages of the chalk formations led him 
to mamtam the gradual as agamst the sudden evolution of species 
The fossil shells in these rocks have been thoroughly investigated by 
Ml' A W. Rowe, who states that ^^the white chalk of England offers 

1 On tlie Origin of Species by Means of Natural Selection, by Charles Darwin, M A , 1859, p 61 

^ Many of the attacks matje upon the hypothesis of natural seleotion ha\ e been founded on the imper- 
fection of geological records to show the transitional links, which, according to this theory, must have 

eon. . If, however, we take into account the perishable nature of 

the ’ . )bable changes that have OQCuiTed in the surface of the earth 

since C' , I alrecords, we can readily understand the 

reason 'f>i ’c i ' n g i'. i,-. I ' > j geological periods 
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an almost unique field for observation, on account of its thickness 
(considerably over 1,000 feet), its slow, uniform, and conimuous 
deposit in a sea of moderate depth, with no closely adjacent land, 
the abundance and wonderful state of preservation of its fossils, 
together with the facility mth which they can bo cleared of then 
chalky covering ^ 

Among the most common chalk fossils is the flattened, heart- 
shaped sea-urchm. These aie first found m their shelled, sparsely 
oinamented foims, from which sprmg, as we ascend the zone, all 
the other species of the genus. The piogiession is unbioken and 
mmute m the last degree We can connect together into contmuous 
senes each mmute variation and each species of giadation of struc- 
ture so msensible that not a Imk m the cham of evidence is wanting. 
In the othei common sea-urchm of the chalk, although evidence 
deiived fiom the details of structure is not equally available, ttat 
afforded by the gradual variation m shape as we ascend thiough 
the zones of foimation is convmcmg and complete Equally clear 
pi oof of contmuous evolution is piovided by the study of the belem- 
nite Actmocamax Although this genus leaches at definite zonal 
levels a sufficiently accentuated degree of variation m its intrmsic 
character to warrant, for purely stratigraphical purposes, the use of 
trivial titles, the fact remains that these so-called species are but 
landmarks m the progressive and unbroken evolution of a single 
though somewhat plastic genus The bearmg of this e\ndence upon 
the question of contmuity or discontmuity m evolution is of para- 
mount importance Nowhere has evidence been collected ^o fully as 
m the case of the white chalk, nowheie have such conclusive proofs 
of contmuity m evolution been established ^ 

Prof W B Scott, referrmg to the evolution of the existmg species 
of horses, states that m the Lowei Tertiary deposits of Noith Ameiica, 
^^each one of the diffeient Eocene and Oligocenc horizons has its 
characteiistic genus of horses, showmg a slow, steady pi ogress in a 
definite direction, all parts of the stiucture participatmg m the 
advance — ^which, it should be emphasized, the changes aio gradual 
and unmtenupted This senes of fossils points to the fact that 
existing species of horses are denved from mdividuals less highly 
capable of evadmg enemies, and obtammg food; that is, they point 
to progiessive improvement through long periods of time an stiuctural 
arrangement of this species of animals. 

Prof. E. B Poulton was much impressed by the series of mammalian 
skulls from the Lower Tertiary beds of Noith America, ai ranged in 


1 Darwin and his Modern CJritics, by E B Poulton The Quarterly Review, July 1909, p 19 

2 Prof E B Poulton The Quarterly Review, p 20, July, 1909 

3 The Cambndge Darvvjn Memorial Volume, p 190 
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the Amencan Museum of Natural History, New York, m the order of 
succession m time as detei mined by the strata fiom which the fossils 
had been taken. One series showed the most gradual and contmuous 
modification m the characters of teeth, another a similarly contmuous 
evolution of horns. 

Again, the well-known fossil Aichaeopteryx, found in a series of 
slates in Germany, would certamly seem to constitute a Imk between 
gioups now widely separated by divergence m evolution fiom the 
same ancestors This animal is at once a featheied flymg reptile 
and a primitive bud with many leptilian stnictuies. Although 
Archaeopteiyx was a primitive bud, it is in a true sense a ‘Tmk^^ 
between leptiles and the group of modern buds; the gap between 
these types is filled up by fossil forms like Hesperornis, whose remams 
are found in strata of a later date. ^^That these Imks aie not unique 
is proved by numerous other examples known to science, such as 
those which connect amphibia and reptiles, ancient reptiles, and 
primitive mammals, as well as those which come between the difler- 
ent ordeis of certain vertebrate classes The important element m 
these examples of evolution is, first, their adaptation, secondly, the 
ongmation of new parts, and thirdly, the retention of the bettei 
mvention ^ Evidence of this kuid does not enable us to decide 
upon the cause of evolution, but m the instances refeired to pro- 
gressive development has occuired gradually, and not by mutation 
or sudden leaps ^ On the other hand, they have much to do with 
the\buildiQg up of the fittest As Darwm states* ^^The tendency 
to the pieseivation (owmg to the severe struggle for life to which 
all orgamc beings at some time or geneiation are exposed) of any 
variation m any part, which is of the slightest use or favorable to 
the life of the individual which has thus vaiied, together with the 
tendency to its inheritance. Any variation which was of no use 
whatever to the mdmdual would not be preserved by the piocess 
of natural selection ^ 

Another kmd of evidence favormg the idea of the piogressive 
evolution of human beings fiom simpler ordeis of animals is the 
presence of what are known as nonfunctional vestigial structures, 
relics of past phases of existence, such, for mstance, as the unused 
external muscles of our ears and rudimentary third eyelids; the 
giU-clefts *of leptiles, birds, and mammals, and the hind limbs of 
whales. The study of these vestigial structures is of importance 
in showing that ancestral features have great power of hereditary 

1 The Daetiine of Evolution, by Prof H E Crampton, p 99 

» E B Poulton, The Quarterly Review, July, 1909, p 18 

3 More Letters, 1 Pp 126 Quarterly Review, July, 1909, p, 26 Also The Evolution of Living Pur- 
posive Hatter, by N 0 Hacnamaiaj vol 97, Intemational Scientific Senes, pp 2,63 
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persistence These traces of ancestral history aie mtelhgible only by 
means of the hypothesis of natural selection ^ 

Prof G Elliot Smith msists on the fact that a knowledge of the 
evolution of the brain affords us a rehable and important clue in 
understanding the factors which have led to the making of mammals 
what they are, as well as supplying e^ndence to show whence they 
came He demonstiates the fact that from the earliest development 
of the structures forming the cerebral cortex (or that poition of it in- 
cluded in the neopalhum), its function has been to regulate ^ ^skilled” 
movements of the ammahs body^ The superior development of 
the brain of Pithecanthropus with, its ludimentary senson-motor 
center of speech, gave this order of bemgs an advantage over its 
nearest competitors, the anthropoid apes, and as the progressive evo- 
lution of the bram of man was laised to a Ingher standard by the 
exercise of his skilled movements, so his psychical powers increased, 
and led him to manufactuie weapons and implements of various 
kinds, and to appreciate the use of fire to aid his brute force 
Thus the gap between man and apes widened more and more as the 
reasoning power of the foimer mcreased through successive gen- 
erations ® 

Having thus given an outline of the evidence which leads us to 
accept Darwm^s hypothesis as bemg as near an approximation to the 
truth as, for example, the Copei mean hypothesis was to the true theory 
of the planetary motions,^ we must refer to some of the reasonable 
objections that have been advanced agamst this theory 

As far back as the year 1863 Huxley found he was unable, without 
reserve, to accept the theory of natural selection, because although in 
his opimon this theory accounted for the structural oiigin of species, 
it was incapable of explaining their physiological differences ® For, 
he aigued, it was a well-lmown fact that distmct species m a state of 
nature wcic, when crossed, incapable of perpetuating the species On 
the other hand, selective breeding was incapable of produemg species 
which on crossmg were, as a rule, sterile Smee Huxlej^s time, 
however, it has been proved that fertile pairing between distinct 
species of anunals is by no means a rare occurrence ® 

We have already referred to another diJOficuity experienced by 
many educated people m accepting, without reserve, the theory of 
natural selection; they are unable to conceive how slight beneficial 


* Heredity, by Pjof 1 A Thomson, p 127 

2 British Associaiion for the year 1911 Sec 1) ** The Origin of Mammals ” 

« Fro^ n E Ciampton, ‘^The Doctrine of Evolution/^ p 175 Human Speech, by N C Macnamara, 
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* Huxley's Essays, p 100 
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vanations in the structural arrangement of the protoplasmic ele- 
ments of hving orgamsms could have become estabhshed, and sub- 
sequently developed in succeeding generations, in the constantly 
changing environment (chmatic and otherwise) to which these organ- 
isms must have been exposed It certainly seems necessary, that the 
modes of energy which, by their action on the hving elements of 
protoplasm had caused its molecular modifications, should have con- 
tinued to act on these elements tor considerable periods of time, m 
order that these beneficial variations should be estabhshed and 
become hereditary This objection, if vahd, would seem seriously 
to affect the soundness of the foundations on which the theory of 
natural selection rests This difficulty, however, is one capable of 
bemg satisfactorily met, for there is good leason to suppose that, in 
spite of the adverse influences to which primitive organisms must 
have been subjected, certain of the forces acting upon their hving 
protoplasm have been continuously m opeiation; such for instance, 
as that form of energy we call light, which we may suppose by its 
constant action on these elements gradually changed their molecular 
structures, and adapted them to its own specific mode of action 

To illustrate oui meamng we may take, as an example, the develop- 
ment of structures such as those which enter into the foimation 
of the eyes of two different classes of animals, viz, moUusks and 
vertebrates 

It seems piobable that these structures were derived from a com- 
mon ancestral stock, for they both consist of similar tissues adapted to 
concentrate a defimte mode of energy on a specialized form of nervous 
elements, which, in conjunction with work peifoimed by corre- 
sponding cerebral mattei, gives rise to visual sensations There is, 
however, a difference in the arrangement of the internal structures 
of the eyes of mollusks and vertebrates, especially in those tissues 
which are concerned in the adjustment of the focus of the eyes to 
near and distant objects, and also in its nervous apparatus. The 
question is : How ai^e we to account for these differences, supposmg 
the eyes of these creatures to have been evolved from a common 
ancestral stock ? 

It seems unhkely that the delicate tissues entermg into the for- 
mation of the eyes of vertebrates and mollusks have been built up on 
similar hnes by the play of chance vanations m their protopLismic 
elements, produced in response to the action of a constantly ^ arymg 
environment Even supposing shght identical beneficial changes 
in the livmg matter of these structures had thus been effected, this 
action must have been persistent, otherwise these moleculair changes 
would soon have become obhterated; but, as above stated, it would 
bo different supposing light acted continuously and duectly on the 
protoplasmic elements, so as to change its molecular structure and 
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to adapt it to its o\vn specific mode of action The resemblance of 
tbe tissues of tho eyes of vertebrates and moUusl^s would thus be 
leferable to an identical force or cause The more and more complex 
eyes of vertebiates would be something like the deeper and deeper 
impression of light on a substance, which, being organized, possesses 
a special aptitude for leceiving it ^ 

In man}^ unicellular and some mvertebrate beings, red spots of 
coloimg matter may be seen on then outer surface. These aie known 
as eye-spots,’’ for m some of them lens-hke stiuctures exist which 
aie analogous to those of the eyes of the higher orders of animals 
Theie IS reason to suppose that by the action of light on the substance 
forming these eye-spots, orgamsms possessing these structures aie 
enabled to distmguish light fioni daikness Animals having moie 
highly developed eye spots seem to be sensitive to alteiations 
in the intensity of light, then ludimentary organs of vision may 
theiefore, m a vague way, assist these orgamsms to guide the move- 
ments of their bodies ^ 

There must have been veiy many stages in the evolution of eye- 
spots mto structures such as those which constitute the eyes of 
moUusks and vertebrates, and some of these stages may be traced 
from one to another through the ascending order of bemgs. Each 
stage consistmg m the purposive adaptation of the structures enteiing 
into the foimation of the eye to the requirements of each order of indi- 
viduals Beyond this natui al selection is no longer operative, because 
a further speciahzation of structures entermg mto the construction 
of the organ of vision would not assist this paiticular order of bemgs 
m their struggle foi existence It would, foi mstance, be of no advan- 
tage to a scallop, as it is to human bemgs, to possess a complex 
arrangement of structure adapted to instantaneously focus its eyes on 
near and distant objects ^ 

So far as our knowledge extends legarding existing orders and 
species of animals, we do not find any mdications of sudden changes 
takmg place in the structures entering mto the construction of their 
organs of vision. On the other hand, we can account for their 
imdoubted progressive development by supposmg then eyes to have 
been evolved by the contmued action of hght on hvmg matter, which 
under the operation of the laws of natural selection has gradually 
been molded mto a form adapted to respond to tins mode of energy. 
In other woids, the action of light on the living puriiosivo elements of 

iCrealne T'' olJLiOD, b\ II Beig^on p 73 Tt js ab Prof Crdnoloxire irils (Uoi-tunc of E\olntio 3, 
p d > "lut 0 g^ni'sm.b are in i rruc -ense c*omplii-tii.eil clioni cal nieJi ini'inib Hlaptcd lo met.’ *iie condi loub 
undei V hieb tlie\ must oijcrate 

2Tno ludunentai V eves of these lo'wei kmds of bemgs have been <^evelopcd fro \\ the hvjimr piotopla.>m 
oithronlci lajers of thoir boc]\ (sO'^aur'i ccl*sb^ chemlco-physical aLtion, the coloi producing cn^^TrneH 
of LhiSspeeiali^CLl loirn of iij.a»,^rr being siimuhited and biought mto aciion hs energy ae» h ctl from burn 
light 

* The Evolution of Livmg Purposive Matter, by N C Maonamara, p 32, 
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a differentiated form of protoplasm has gradually pioduced changes 
in the stiuctural anangement of its molecules, whereby they have 
effectively responded to the exigencies of their enviionment Struc- 
tmal changes thus effected have a tendency to become hereditary 
quahties. To this extent light may be said to have evolved the 
stiuctuies which enter into the formation of the eyes of the various 
classes of animals Herbert Spencer, when referring to molecular 
changes of the kmd to which we have lefeiied, states that there go 
on in all oigamsms ceitain changes of structure and functions that 
are directly consequent on changes in the mcident forces, mner 
changes by which outei changes are balanced, and the equffibiinm 
restoied — leairangements which produce an exactly coimterbalanc- 
ing force ^ But the result, though as a lule piogressive under the 
laws of natural selection, is not always so, as for instance in the case 
of internal parasites which lack even a digestive tiact, because a 
stomach is unnecessary m an animal which hves bathed m the 
nutrient fluids of its host 

The other h}q)othesis which we mentioned as, at piesent, engagmg 
the attention of biologists to enable them to explam the ongm of 
new species of animals and plants, is the theory which has been 
advocated by the well-known Dutch botanist, Prof. Hugo de Viies, 

De Vries, in the preface to his work * 'Species and Vaiieties, their 
Origm by Mutation,” observes that the ciurenfe belief assumes that 
species are slowly changed into new types. In contiachction to this 
conception, the theory of mutation assumes that new species and vari- 
eties are produced from existing foims by sudden leaps The parent 
type itself remains unchanged thmughout this process, and may 
repeatedly give birth to new forms These may arise simultaneously, 
and in groups^ or separately at more or less widely distant periods. 

De Vries lays stress on the difference between slight stiuctuial 
changes in plants, and mutations, the foimei he holds aie subject to 
fluctuations and occur contmuaUy fiom one to other generations. 
Mutations, on the other hand, aie raie and occui mteimittently, 
they do not show any ascending law of frequency^ Fluctuations do 
not load to a permanent change m the mciease of the species unless 
there be very ngorous selection, and even then, if the selection be 
slackened, there is regression to the old mean; mutations lead pei 
saJtum to a new specific position, and there is no regression to the 
old mean* De Vnes maintains that fluctuations do not yield any- 
tliiug really new, they imply a little more or loss of characters already 
piv^enl; mutations are novelties, they impl\r some new pattern, * 
some new position of orgamc equilibrium De Viics holds that no new 
species can be eslabhshcd without mutation ' ^ When a mutation has 

t Principles of Biology by H Spencer, vol l, pp 434, 442 
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occurred a new species is already m existence, and vnll remain in 
existence unless all the piogcny of the mutation are destioyed.” 
Accoidmg to De^'^iies, therefore, species oiigmate by mutation 
instead of by continuous selection He adds, ^^Natuial selection 
may explain the suivival of the fittest but it can not explain the 
ariival of the fittest 

It IS deal that De Vries’s hypothesis of evolution of species by 
mutation, if estabhshed, would mean a profound change m the 
ideas received fxom Darwin The survival of the fittest among a 
crowd of flesh elementaiy species or subspecies ready-made by 
mutation is a different conception from that of the progressive 
budding up of the fittest types, by the improvement tlirough selec- 
tion of existing chaiactcis and qualities, and the gradual addition of 
a unit here and a umt thoie to a complex structure of species ^ 

Darwin, as fai back as the year 1859, stated that it was the fine- 
ness of gradation in the shells of substages of the chalk formations, 
which led him to maintain the gradual, as against the sudden evolu- 
tion of species 

The evidence upon which De Vries founds his hypothesis as to 
the ^uclclru pioduction of new species from existmg types — ^that is, 
1 )} m ! I Lit j 0 1 ) - N largety dei ived from his own observation of changes 
which took place in specimens of plants of the evemng primrose (CEno- 
thera lamarckiana) he found growing in the sandy sod of a field at 
Hdversum De Vnes took seeds from two species of these wild 
plants and sowed them in a well-manured garden in Amsterdam, 
Seeds collected from these cidtivated plants produced, according to 
DeVries, seven constant elementaiy species of the evemng primrose, 
but these species differed so slightly from one another and from the 
parent stock, that Vv^e should lather refer them to varieties than as 
constituting distinct species Varieties of this Ivind might be ac- 
countocl foi by a change of environment, the plants having origi- 
nally grown m a sandy sod and been transferred to a well-manured 
garden De Vries, however, attributes the changes obsoived in 
these plants to the latent qualities possessed by the parent stock. 
He assumes that the characters of orgamsms are made up of ele- 
ments that aie sharply separated from each other, and that at 
certain periods these elements become impressed by an impulsive 
mutability It was at one of these periods De Vnes supposes he 
chanced to secure his evemng primrose, hence the changeful state 
of the plant and its production of seven elementary species within a 
short time 


1 Heredity, iy J Arthur Thomson, M A , rogius profpShOr oi natural histoi } in tho Uni\ersity of Ahe:- 
deen, pp 90, 98 

2 The Quarterly Rc^ lew , July, 1909, p 26 E B Poulton, Darw'm and his Modern Critics 
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The lustoiy of the Maltese family of Kelleia is often leferied to 
as an example of imitative changes in the case ,of human bemgs. 
The fathci and mother of this family had the ^rdmary number of 
toes and fingers, but their eldest son possessed six fingers on each 
hand and six toes on each foot This chdd, Gratio, subsequently 
man’ied and had childroUj seveial of them having six fingers and 
toes Tins malformation v^as absent in the following generation, 
but reappeared in the succeeding family, it then seemed to have 
died out Another remaikable instance of this kmd is that of the 
flock of Massachusetts Ancon sheep The deformity which charac- 
terized these sheep, howevei, disappeaied in the course of a few 
years, it is said in consequence of the introduction of the Mermo 
sheep into the United States, In both these cases of the sudden 
development of monstrosities it can not be said that new species, 
but only varieties, had suddenly come mto being Our knowledge, 
however, concerning the evolution of the simpler into complex 
orders of plants, hke that of animals, must to a largo extent be 
guided by information we derive from the study of dossil re- 
mains—a branch of science which has only been taken seriously in 
hand witlnn the last feiv years Palaeobotanists of repute, such as 
SM, Bariois, Bertrand, and Cayeux, are of opinion that m the 
earliest sedimentaiy or pre-Cambnan formations they have obtained 
evidence of the existence of ludimentaiy animals and plants, m the 
shape of protophytos and protozoans ^ However this may be, we 
knoiv that numerous species of diatoms, seaweeds, and fungi exist 
in a fossil state m the coal measures of England and other parts 
of the woild, and that the structure of these beings lesembled those 
now flourishing. The higher plants, however, on which these fungi 
fed ^^have changed profoundly since’’ the coal-measure epoch, 
^'stimulated by ever-changing surroundings ” ^ All the plants 
which exi'^ted duiing the Carbomferous period have become extinct, 
they were flowerless and otherwise diffeicd from those of the present 
day, but this difference was in ontward foim, or the groupmg of 
their cells, lather than m the functions performed by their vascular, 
respiratoiT, and other stnictures Thus we find m fossil plants of 
our coal measures a layer of chlorophyll bearmg cells situaiod 
beneath them epidermis, indicating the existence of a staich-foimirg 
BVbtem, worked by energy derived from sunhght In each siiccecd- 
ing geological period the mam types of vegetation changed^ and 
each succeeding change advanced a step toward the types of the 
existing flora * It was not, however, until we arrive at the Creta- 
ceous opoeh that the existence of fossil floivering plants appear 

i !iiialKcp:>rt of the Pimthsornm Iiit-lmil'oii for ihe ve-ir r»0 p 5i:> 
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Th.e advent of these plants in the flora of this period, according to 
existing fossils, appears somewhat sudden, so much so that palaoo- 
botanists have been disposed to think that this epoch indicates the 
existence of a mutative period in plant hfe In fact, that during 
the time the chalk rocks were forming that plants suddenly all 
over the woxdd produced species differing essentially from those 
which had preceded them It is necessary, howevei, to take 
into consideration the existence of a group of fossil plants Imoivn 
as Cycads, which were piobably derived from a common slock 
and “which are in close connection -with the ancestors of 
modern flowenng plants; thus flowering plants can be hnked on 
to the series that runs through the Cycads directly to the primitive 
ferns It is only within the last few years that the impoitaiit 
extinct grou 2 i of plants — Pteridosperms — has been recognized 
Nevertheless, they form the most numerous plants of the Carbon- 
iferous penod and have displaced the feins from the position thej^ 
were hitherto supposed to hold as the dominant plants of the coal 
measures Facts such as these render us cautious in accepting the 
idea that the flowerless flora of the ancient world became suddenlj^ 
changed durmg the Cretaceous epoch into flowering plants It is 
clear that the vascular and reproductive organs of the plants of 
ancient geological ppnods, as they grew taller and came to inhabit 
a drj^ soil, must, under the laws of natural selection, have undergone 
certam modifications From the microscopical exammation of the 
tissues forimng these primitive jilants we find that alterations m their 
stnictuie have gradually taken placc^ culminating m the appearance 
of the flowering plants of the Cretaceous epoch 
T>i\ M C Stopes m the concluding chapter of his excellent work on 
“Ancient Plants’’ (p, 178) states that “the group of fossil ^ilants do 
not now appear isolated by great unbridged gaps, as they did even 
20 years ago/’ by means of the fossils either direct coiiriectTons 
or probable hnks ai^e discovered winch connect senes and fami- 
lies. We may add that plants now Rowing ni the Nile Valley are 
similar in character to those represented on the monuments of the 
earliest Egyptian dynasties. In the stable climate and conditiou^ of 
the Nile Valley these plants for thousands of years have renamed 
their character, but if removed to a different sod. and climate such as 
that of England, m the course of a few generations 1ii»v b(‘cojiie 
variable and thus undergo marked modifications. Wi' liokl 
result to be aitnbutable to the response of their liYmg fuoiopk'T^ra io 
ihc acnor of ('hi-nges of environment, which in the coui*^e of tiriK' ve 
beh(‘''e, under the influence of natural selection, might possibly lead 
to the [>i o(]aci toll of new varieties, if not actual species. The following 
doi.uU a remarkable series of variations m certam Fox- 


1 Ancient Plants, by M C Stopes, p lOS, 
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glove plants appear to afford us reliable evidence m favor of the idea, 
tliat under cei’tain unknown conditions the flowers of a wfld plant 
may become suddenly and completely altered m chaiactei, and that 
vaiiations of tins desciiption are passed on from one to succeeding 
generations by means of the germ cells * 

Fiom a packet of Fox-glove seeds {digitalis 'purpurea) sown m the 
year 1906, 54 plants were, m June, 1907, planted in a shrubbery of fir 
trees with an undergrowth of lauicis. Of these plants, 51 grew into 
normal Fox-gloves, but the 3 remaining plants were spoits, which 
we may distinguish hy the letters A, B, and C 

A. In tins plant the lloweis of the lower half of the stem possessed 
only a bind uppei petal and seven stamens united at their bases 
Tlie flcAvers of iho iippei part of the spike were noimal 

B. A fine, well-grown plant 4^ feet Ingh; thioughout the whole 
length of the spike the flowers consisted of a bifid upper petal, seven 
stamens, and style The upper part of this spike was isolated, it 
prodticed abundant self-fcrtihzed seed. 

{’. The spike of this plant grew to be 5 feet high; from base to apex 
its flowers consisted of imie stamens and a style, with no vestige of 
petals. 

It IS unnoccssary to follow the history of plant A, as it was only the 
lower part of the spike m which the flowers were abnormal, and the 
stem was not isolated. 

Seed taken fiom the upper coveied part of the plant B, whose 
flowei.s consisted of a bifid petal, 7 stamens, and a style, germi- 
nated abundantly, 21 of these plants flowered m 1909 Thirteen of 
ihcse 21 plants produced spikes of the paient type, and 8 of the 21 
plants produced normal Fox-glove flowem One of the 13 plants 
grew to be 5 feet 1 inch lugh, its spike produemg 1 bifid petal and a 
sty}i>, but its tenmnal flower consisted of 22 stamens and a large 
flask-hhapeil carpel (divided into 7 compartments) and style, but 
having no coioUa, that is, it had no petals (As shown in photograph 
exlubited.) 

The season of 1909 w^as sunless, with constant ram; consequently, 
all covered plants suffered much from mildew, but I managed to col- 
lect some self-fertilized seed from the terminal flower of the plant 
refeired to, and this seed geinnnated and flowered in 1911. Every 
one of the 12 phuits I reared from the seed of the terminal flowei pro- 
d.iced flowei s precisely like the parent. Two of these plants were 
isolated and theu self-fertihzed seed germinated freely (September, 

The seed originally collected from the covered part of plant C 
of 1907 had produced plants which, in 1909, gave flowers piecisely 

sli ^ lii ^ Plants Linnean Bocioty of London, General Meeting 
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Similar to the parent plant Self-fertilized seed from these plants 
(1909) m 1911 produced plants exactly like those of 1907 — i e, 
flowers having nme stamens and a style, but no petals Self-ferti- 
lized seed from these plants are now (September, 1911) gernunating 
freely. Some of the plants, however, of 1909, in place of a tall 
smgle spike, grew some seven or eight shorter spikes, each flower 
of which had nine stamens but no petals. 

It seems that a certam number of the Fox-glove seeds sown m 
the year 1906 contamed elements m a condition such as that de- 
scribed by De Vries as bemg impressed by an impulsive muta- 
bility,” for some of the flowers produced by these seeds were sports 
Seeds from these sports produced their like m 1909, and, further, 
these latter plants boie some terminal flowers totally different m 
chaiacter from the parent spoilt from which they were derived. 
Seeds from these termmal flowers produced their like m the year 
1911, so that I have now two different strams of Fox-glove plants 
derived from the seed sown m 1906, and these strams have resulted 
fiom self-fertihzed flowers — that is, from floweis carefully protected 
from msects or other means of cross fertilization. It is, however, 
doubtful if these varieties would have been maintamed m a state 
of nature. While specific stability under constant conditions appears 
to be the rule in nature, it is widely different m cultivation When 
a plant is brought under cultural conditions it mamtams its type 
for some time unaltered, then gives way and becomes practically 
plastic ^ It IS certain, therefore, that before we can accept De 
Vries’s hypothesis of the origm of species by mutation we must 
have further and more conclusive evidence on the subject than that 
which is now available On the other hand, Huxley’s conclusion 
regarding the Darwinian hypothesis still holds good. He states 
that all species have been produced by the development of varieties 
from common stocks, the conversion of these, first into permanent 
races, and then into new species, by the process of natural selection, 
which procesa is essentially identical with that of aitificial selection 
])y which man has or:iginated the races of domestic animaL, the 
struggle for existence taking the place of man; and exertmg, in the 
case of natural selection, that selective action which he performs in 
iirlifich'>I selection 

The evidence brought forward by Darwin in support of his theory 
IS of three Icmcls First, he endeavors to prove that species may be 
onginated by selection, secondly, he attempts to show that natoral 
causes are competent to exert selection; and, thii'dly, he tries to 
prove that the most remarkable and apparently anomalous phe- 
nomena exliibiied by the distribution, development, and mutual 


1 Nature, Nov 28, 1907 
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relatiox\s of species can be shown to be dedncible from the general 
doctrine of their origm which he propounds/ combmed with the 
known facts of geological change; and that, even if not all these 
phenomena are at present explicable by it, none are necessarily 
inconsistent with it, on the othei hand, since Huxley^s time Darwin^s 
theory has been strengthened hy many now facts ^ 


t Huxley’s Essa^'^ F\«"OTuan’s Library, p See also The International Scientific Senes, vols 
yj and 97 Ktgan Paul Loudon, 190b and 1910 
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By D^Arct Wentworth Thompson, C B , 

Professor of Natural History iti Umversity College^ Dundee {IJniveisiiXf of St Andrews) 


The science of zoology, ‘all the moie the incorpoiate science of 
biology, IS no simple aJTaii, and from its eailiest beginnings it has 
been a gieat and complex and many-sided thmg We can scarce 
get a broader view of it than fiom Aiistotle, foi no man has ever 
looked upon oui science with a moie fai seeing and comprehending 
eye, Ai^istotle was all thmgs that we mean by “ naturalist or 

biologist He was a student of.the ways and domgs of beast and 
bird and creepmg thmg; he was morphologist and embryologist, he 
had the keenest insight mto physiological problems, though his age 
lacked that knowledge of the physical sciences without which phys- 
iology can go hut a little way; he was the first and is the greatest 
of psychologists; and m the light of his genius biology merged in a 
great philosophy 

I do not for a moment suppose that the vast multitude of facts 
which Aristotle recoids were all, oi even mostly, the fiuit of his own 
immediate and mdependent obseivation Before hun were the 
Hippocratic and other schools of physicians and anatomists Before 
bun thcio wcio nameless and forgotten Fabres, Roesels, Reaumurs, 
and Hiibeirt, who observed the habits, the diet, and the habitation^ 
of the sand wasp or the mason bee; who traced out the little lm‘s 
and discerned the vocal oi^gans of grasshopper and cicada; and who, 
togelhei Vilh generations of bee-keeping peasants, gathered up the 
Tore and wisdom of the bee Tliere were fishermen skilled in all the 
cunning of their craft, who discussed the wanderings of tunny anc] 
mackeiel, swoidfish or anchovy; who argued ovei the ages, the 
breeding places, and the food of tins fish oi that , who knew how the 
smooth dogfish breeds, two thousand years before Johannes Mullei, 
who saw* how the male pipefish carries its young, before Cavolmi, 
and who had found the nest of the nest-buildmg rockfishes befoie 

I PrcsIdLullal addr?-^ doli\LrLd to ilic zooiogioal section of the British Association Aug 31, 191 j. 
Ilepnnted by permission from auinor s pnalcd copy * 
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Gcrbe rechscoveied it almost in onr own day There weie cuiious 
students of the cuttle fish (I sometimes imagine they may have been 
piie&ts of that sea-born goddess to whom the cieatuies were sacied), 
who had diagnosed the species, lecoided the habits, and, dissected 
the anatomy of the group, even to the discovery of that stiange hec- 
tocotylus aim that baffled Della Chiaje, Cimer, and Koellilrer, and 
that V^rany and Heinnch Muller reexplamed 

All this varied learnmg Aiistotle gathered up and wove into his 
great web. But eveiy here and theie, m woids that are unmistakably 
the master’s ovti, we hear him speak of what are still the great 
problems and even the hidden mysteries of our science, of such 
things as the natuie of vauation, of the struggle for existence, of 
specific and generic differentiation of form, of the origin of the tis- 
sues, the problems of heiedit^, the mystery of sex, of the phenomena 
of reproduction and giowdli, the ehaiacteiistics of habit, instinct, 
and intelligence, and of the very meaning of life itself. Amid all the 
maze of concrete facts that ceatuiy after century keeps oddinn to 
our store, these, and such as these, remam the my-ieuc- <m’ 
natmal science — the inagnalia iiaturie, to boiiow a great word from 
Bacon, who m his tuin had boiiowed it fioni St Paul 

Kot that these aie the only great problems for the biologist, nor 
that there is but a smgle class of great pioblems m bi^ogy, for 
Bacon himself spealcs of the magnaha naturae, quoad usus humanos, 
the study of which has for its objects ^'the pi elongation of life or the 
retardation of age, the curing of diseases counted mcuiable, the 
mitigation of pain, the making of new species and transplanting of 
one ’Species into another/’ and so on thiough many more Assuredly, 
I have no need to remind you that a gieat feature of this generation 
of ours has been the way m which biology has been justified of her 
children in the work of those who have studied the magnaha naturje, 
quoad usus humanos 

But so fai aie biologists fiombemg nowadays engrossed in practical 
questions, in applied and teclmical zoology, to the neglect of its more 
recondite problems, that theie nevei was a tune when men thought 
more deeply or laboied inth greater zeal ovei the fundamental phe- 
nomena of living Uimgs; never a time when they reflected in r bmado" 
spirit ovoi such questions as puiposive adaptation, the 1 'Uiuonou, 
working of the fabric of the body in relation to enviromnent, and the 
interplay of all the creatures that people the earth, over the problems 
of hereditj" and variation; over the mystenes of sex and the phe- 
nomena of generation and reproduction, by which plienomena, as the 
vase woman told, or reminded, Socrates, and as Harvey said agam (and 
for that matter, as Colei idge saul, and Wcismann but not quite 
well) — ^by which^ as the wise old woman said, we gam our glmipse of 
insight into eternity and mamorl^ility These, then, togethei vuth 
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the pioblem of the origin of species, aie indeed magnaha natuije, 
and I take it that inquiry into these, deep and wide reseaich specially 
directed to the solution of these, is characteristic of the spirit of our 
time and js the password of the younger generation of biologists, 

Intel woven with this high aim which is manifested in the biological 
woik of lecent years is anothei tendency It is the desire to biing 
to beai upon oui science, in great ei measure than before, the methods 
and lobults of the othei sciences, both those that in the hieiarchy of 
knowledge axe set above and below and those that rank alongside 
of our own 

Befoie the gieat pioblems of which I have spoken the cleft be- 
tween zoology and botany fades away, foi the same pioblems aie 
common to the twin sciences When the zoologist becomes a student 
not of the dead but of the livmg, of the vital piocesses of the ceU 
rather than of the diy bones of the body, he becomes once moie a 
physiologist, and the gulf between these two disciplmes disappeais 
When he becomes a physiologist, he becomes, ipso facto, a student of 
chemistry and of physics Even mathematics has been pressed into 
the service of the biologist, and the calculus of probabilities is not 
the only bianch of mathematics to which he may usefully appeal. 

The ph^T-siologist has long had -as his distmguishmg characteristic, 
givmg his craft a lank superior to the sister bianch of morphology, 
the fact that in his great field of woik and in all the routine of his 
experimental lesearch, the methods of the physicist and the chemist, 
the lessons of the anatomist, and the experience of the physician, are 
inextricably blended m one common central field of investigation 
and thought But it is much more recently that the moiphologist and 
embiyologist have made use of the method of experiment and of the 
aid of the physical and chemical sciences — even of the teachmgs of 
philosophy — all m oidei to probe into pioperties of the living oigamsin 
that men veic wont to take for gi anted or to legaul as bcyonfl then* 
reach under a narrower mterpretation of the business ol the biologist. 
Dnesch and Loeb and Roux are thiee among mnriy men who have 
become eminent m this way in recent years, and their wox'k we may 
take as typical of methods and aims such as those of which I speak. 
Diiesch, botli by careful experiment and by phiiosopliic insight; 
Loeb, by his conception of the dynamics of the cell and by bis mar- 
velous demonstrations of chemical and mechanictd leiiihzauou 
Roux, with his theory of autodetermination and by ti-o L.bo'rt of iho 
school of Entwackelungsmechanik which he has founded, have all in 
various vrays, and from more or less different points of view, helped 
to reconstruct and readjust oui ideas of the relations of embiyological 
processes, and hence of the phenomenon of life itself, on the one 
hand, to physical causes (whether external to or latent in the mecha- 
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msm of the cell), ox', on the othei, to the ancient conception of a vital 
element, alien to the province of the physicist 

No small number of theories or hypotheses, that seemed for a tune 
to have been established on ground as firm as that on which we tread, 
have been reopened in our day. The adequacy of natural selection 
to explain the whole of organic evolution has been assailed on many 
sides, the old fundamental subject of embryological debate between 
the evolutionists or preformationists (of the school of Malpighi, Hallei, 
and Bonnet) and the advocates of epigenesis (the followers of Aj^is- 
totle, of Harvey, of Caspar Fr. Wolff, and of Yon Baer) is now 
discussed agam, in altered language, but as a pressing question of the 
hour, the very foundations of the cell theory have been scrutimzed, 
to decide, for instance, whether the segmented ovum, or even the 
complete organism, be a colony of quasi independent cells or a livmg 
unit in which cell differentiation is httle moie than a superficial 
phenomenon, the whole meaning, bearing, and philosophy of evolu- 
tion has been discussed by Bergson, on a plane to which neither 
Darwm nor Spencer ever attamed, and the h}'pothesis of a vital 
principle, 'fir vital element, that had lam m the background for near 
a hunted years, has come mto men^s mouths as a very loal and iiigent 
question, the greatest question for the biologist of all 

In all ages the mysteiy ot oigamc foim, the mystery of growth 
and leproduotion, the mysteiy of thought and consciousness, the 
whole in3’'stery of the complex phenomena of Lie, have seemed to the 
vast majorit}" of men to call for description and explanation m terms 
alien to the language wbich we apply to inanimate things, though at 
all times there have been a few who sought, with the matenalism of 
Democritus, Lucretius, or Giordano Bruno, to attribute most, or even 
all, of (hose phenomena to the category of physical causation. 

For the lii'st scientific exposition of vitalism we must go back to 
Aristotle, and to his doctiine of the three paits of the tripartite soul; 
according to which doctrine, in iMton's language, created things '^by 
gradual change sublimed, to vital spirits aspme, to animal, to mtel- 
lectual/^ The first and lowest of these three, the ^ 
by whose agency* nutrition is effected, is i) Kpdjvif) the insepa- 

rable concomitant of life itself. It is inherent in the plant as well a& 
in the animal^ and in the Lmnsean aphorism, vegetabilia crescunt et 
vivimt, its existence is admitted in a word Under other aspects ii 
is all but identical with the and ysi^vrjTiicrjf the soul of 

growth and of reproduction, and in this composite sense it is no other 
than Driesch^s ^^Entelechy/^ the hypothetic natural agency that pre- 
sides over the form and formation of the body. Just as Driesch's 
psychoid or psychoids, which are the basis of mstinctivo phenomena, 
of sensation, nibtinct, thought, reason, and all that directs that body 
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wliicli entelecliy has fonnedj aie no other than the ahdrjriK^f whereby 
animaha viYiint et sentiunt, and the dcavorjuicfij to which Aristotle 
ascnbes the reasoning faculty of man Save only that Drieseh, hke 
Darwin, would deny the restnction of voDcj or reasoning, to man alone, 
and would extend it to animals, it is clear, and Drieseh himself admits,^ 
that he accepts both the vitahsm and the analysis of vitalism laid 
do^vn by Aristotle 

The Ttvsufia of Galen, the ns plastica, the vis vitae foimatiix, ol the 
older physiologists, the Bildiingstneb of Blumenbach, the Lebenskraft 
of Paiacelsus, Stahl, and Trenranus, ^^shapmg the physical forces of 
the body to its own ends/’ “ di earning dimly m the gram of the prom- 
ise of the full corn in the ear”^ (to borrow the rendermg of an Oxford 
scholai), these and many more, hke Diiesoh’s ^^Entelechy”of to-day, 
are all conceptions under which successive generations strive to depict 
the something that separates the eaithy fiom the living, the living 
from the dead And John Hunter described his conception of it in 
words not very different from Dnesch’s, when he said that his principle, 
or agent, was mdependent of organization, which yet it animates, 
sustains, and repairs, it was the same as Johannes Muller’s conception 
of an innate ^^unconscious idea ” 

Even in the Middle Ages, long before Descartes, we can trace, if we 
interpret the language and the spirit of the time, an antithesis that, 
if not identical, is at least parallel to our alternative between vitahstic 
and mechamcal hypotheses For instance, Father Harper teffs us 
that Suarez maintained that in generation and development a divino 
interference is postulated, by reason of the perfection of living beings; 
in opposition to St Thomas, who (while invariably making an excep- 
tion in the case of the human soul) urged that, smee the existence of 
bodily and natural forms consists solely in their umon vuth matter, 
the ordinary agencies which operate on matter sufl&ciently account 
for them ® 

But in the histoiy of *modem science, or of modern physiology, it 
is, of course, to Descartes that we trace the origm of our mechanical 
hypotheses — to Descartes, who, imitatmg Archimedes, said. '^Give 
me matter and motion and I will construct the universe.’’ In fact, 
leaving the more shadowy past alone, we may say that it is since 
Descartes watched the fountams in the garden and saw* the likeness 

'Saenct and Plulosophy of the Organism (Qifiord Lectures), ii p S3, 190S 

2 Cit Jcii3,in'=-on ( \.i t ‘ Vitalism ” in Hibbert Joumal, April, 1911), who has given me the foHo^ving quota- 
tion' 'mas Weit/onhoin hat alloi dingb Bewusstseln dcjiscn was in ihm ist und aus ihm werdeu tatm, und 
traiimt wi iJich ds’ion tern Be^uso'sein imd ''eino Traiime mbgen duhkel genug sein”, Tre^nrantis, 
Ei&Liiemungrn und Geset/e des organi^xhen Leber s, 1831 
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between then macbinery of pumps and pipes and reservous to the 
Cleans of the chcnlation of the blood, and smce Vancanson's mar-^ 
volous automata lent plaiisibihty to the idea of a '^hying automaton/' 
it is since then that men's minds have been perpetually swayed by 
one or other of the two conflicting tendencies, either to seek an expla- 
nation of the phenomena of hving thmgs in physical and mechanical 
considerations, or to attribute them to unknown and mystenous 
causes alien to physics and peculiarly concomitant with life. And 
some men's temperaments, tiaining, and even avocations, render 
them more prone to the one side of this unendmg controversy, as the 
minds of other men are naturally more open to the other. As Kuhne 
said a few years ago at Cambridge, the physiologists have been found 
for several generations loaning, on the whole, to the mechanical or 
physico-chemical hypothesis, while the ^loologists have been very 
generally on the side of the vitalists 
The very fact that the physiologists 'Were tramed m the school of 
jihysies, and the fact that the zoologists and ^botanists relied for so 
many j^ears upon the vague, undefined force of ‘^heredity" 
dently accounting for the development of the organism, an 
force whose results could be studied but whose nature seemed remote 
from possible analysis or explanation, these facts alone go far to 
illustrate and to justify what Kuhne said 
Claude Bernard held that mechanical, physical, and chemical 
forces summed up all with which the physiologist has to deal Ver- 
wom defined physiology as ^^the chemistry of the proteids", and I 
think that another pln^'siologist (but I forget who) has declared that 
the mystery of life Uy hidden in ^^the chemistry of the enzymes." 
But of late, as Dr, Haldane showed in an address a couple of years ago, 
it is among the physiologists themselves, together wuth the embryolo- 
gists, that we find the strongest mdications of a desire to pass beyond 
the horizon of Descaii;es, and to avow that physical and chemical 
methods, the methods of Helmholtz, Ludwig, and Claude Beimard, 
fall short of solving the secrets of physiology On the other hand, 
in zoology, resort to the method of experiment, the discovery, for 
instance, of the w^onderful effects of chemical or even mechanical 
stimulation in staitmg the development of the egg, and again tho 
seal eh into the minute structure, or so-caUed mochani^m, of 
tho coll, these T thmk have rather tended to sway a certain number of 
zoologists in the direction of the mechamcal hj^othesis. 

But on the whole, I think it is very manifest that there is abroad 
on all sides a givator spirit of hesitation and caution than of old, 
and tliat tho lo^sons of the philosopher have had their influence on 
mr mmds. We reahze that the problem of development is far harder 
than we had begun to let ourselves suppose; that the problems of 
oiganogeny and phylogeny (as well as those of physiology) are not 
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comparatively simple and well-nigh solved, but are of the most 
formidable complexity And we would, most of us, confess, with 
the learned author of The Cell in Development and Inheritance, that 
we are utterly ignorant of the manner m which the substance of the 
germ ceU can so respond to the influence of the environment as to 
caU forth an adaptive variation, and again, that the gulf between 
the lowest forms of hf e and the inorganic world is as wide, if not mder, 
than it seemed a couple of generations ago ^ 

While we keep an open mmd on this question of vitalism, or while 
we lean, as so many of us now do, or even chug \vith a great yearnmg 
to the belief that somethmg other than the physical forces animates 
and sustains the dust of winch we are made, it is rather the business 
of the philosopher than of the biologist, or of the biologist only when 
he has served lus humble and severe apprenticeslup to plnlosophy, 
to deal with the ultimate problem It is the plam bounden duty of 
the biologist to pursue lus couise, unprejudiced by vitalistic h3q)oth- 
eses, along the road of observation and expenment, accordmg to 
the accepted disciphne of the natural and physical sciences; indeed 
I might perhaps better say the physical sciences alone, for it is already 
a breach of their discipline to invoke, until we feel we absolutely 
must, that shadowy force of '^heredity, to which, as I have already 
said, biologists have been accustomed to ascribe so much In other 
words, it IS an elementary scientific duty, it is a rule that Kant 
himself laid down,^ that we should explam, just as far as we possibly 
can, aU that is capable of such explanation, m the light of the prop- 
erties of matter and of the forms of energy with which we are 
already acquainted 

It IS of the essence of physiological science to investigate the mani- 
festations of energy in the body, and to refer them, for mstance, to 
the domams of heat, electricity, or chemical activity By this means 
a vast number of phenomena, of chemical and other actions of the 
body, have been relegated to the domain of physical science, and 
withdrawn from the mystery that stiU attends on hfe, and by this 
means, contmued for generations, the physiologists, or certain of 
them, now tell us that we begin agam to descry the limitations of 
physical mquiry, and the region where a very different hypothesis 
insists on thrustmg itself m But the morphologist has not gone 
nearly so far as the physiologist in the use of physical methods He 
sees so great a gulf between the crystal and the ceU that the very 
fact of the physicist and the mathematician being able to explain 
the form of the one, hy simple laws of spatial arrangement where 
molecule fits into molecule, seems to deter, rather than to attract, 
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tlie biologist fioni attempting to explain oigamc foims by mathe- 
matical or physical law. Just as the embiyologist used to explain 
everything by heredity, so the morphologist is stiU mchned to say, 
'^the tiling IS ahve, its foim is an attribute of itself, and the physical 
foices do not apply ” If he does not go so far as this, he is still apt 
to take it for granted that the physical forces can only to a small 
and oven mbignificant extent blend with the intrmsic organic forces 
in producing the resultant form Herem hes our question in a nut- 
shell Has the morphologist yet sufhciently studied the forms, 
external and internal, of oigamsms, in the hglit of the properties of 
mattei, of the energies that are associated ivitli it, and of the forces 
hy which the actions of these energies may he interpreted and de- 
smbed? lias the biologist, in short, fuUy recognized that there is 
a bordeilaiid not only between physiology and physics, hut between 
moipliology and physics, and that the physicist may, and must, be 
his guide and teacher in many matters regardmg organic form ? 

Now, this IS by no means a new subject, for such men as Berthold 
and Erieia, Rhumblei and Dreyer, Butschli and Verworn, Dnesch 
and Roux have already dealt or deal vnth it But, on the whole, it 
seems to me that the subject has atti acted too little attention, and 
that it IS well woith our while to think of it to-day 

The fiist pomt, then, that I ivish to make m this connection is 
that the form of any poition of matter, whether it be livmg or dead, 
its foim and the changes of form that aie appaient m its movements 
and m its giowth, may in all cases ahke be described as due to the 
action of foico. In short, the foim of an object is a 'diagram of 
forces — in this sense, at least, that fiom it we can judge of oi 
deduce the forces that aie acting or have acted upon it, m this stiict 
and paiticAilai sense it is a diagiam in the case of a sohd of the 
fuices that have been impiessed upon it when its confoimation 
was })ioduccd, tugethei mill those that enable it to retain its con- 
foimation, in the case of a liquid (oi of a gas) of the forces that 
aie f(u the moment actmg on it to restiam oi balance its own in- 
heient mobihty In an oigamsm, gieat oi small, it is not merely 
the natuie of the motions of the living substance that we must 
inteipiiGt in teims of force (accoidmg to kinetics), but also the con- 
formation of the oiganism itself, whose permanence or equihbnum 
is explained by the mteraction or balance of forces, as described in 
statics. 

If v^e look at the livmg cell of an Amoeba or a Spirogyra, we see 
a something which exhibits ceitam active movements and a certain 
fluctuating, or more or less lasting, form; and its form at a given 
moment, just like its motions, is to he jd hv the help of 

physical methods and explained by tho luv^'cai'Oii of the rnathe-^ 
matical conception of force, 
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Now, th.6 state, including tte shape or foim, of a portion of matter 
IS the lesultant of a number of forces which represent or symbolize 
the mamfestations of various kinds of enoigy, and it is obvious, 
accordingly, that a gieat pait of physical science must be under- 
stood or taken for gi anted as the necessary prelimmaiy to the dis- 
cussion on which we are engaged. 

I am not gomg to attempt to deal with or even to enumeiate 
all the physical forces or the piopeities of mattei with which the 
pursuit of this subject would oblige us to deal — ^with gravity, pies- 
suie, cohesion, f notion, viscosity, elasticity, chffusion, and all the 
rest of the physical factors that have a beaiing on our problem I 
propose only to take one or two illustiations from the subject of 
surface tension, which subject has alieady so laigely engaged the 
attention of the physiologists Nor will I even attempt to sketch 
the general natuie of the phenomenon, but vnll only state a few of 
its physical mamfestations oi laws Of these the most essential 
facts for us aie as follows Surface tension is manifested only m 
fluid or semifluid bodies, and only at the surface of these, though 
we may have to mterpret surface in a libeial sense m cases where 
the interior of the mass is other than homogeneous Secondly, a 
fluid may, according to the nature of the substance with which it is 
in contact, or, more strictly speakmg, according to the distribution 
of eneigy in the system to which it belongs, tend either to spread 
itself out in a film or, conversely, to contiact into a drop, striving 
in the latter case to i educe its surface to a minimal area. Thirdly, 
when thiee substances aie in contact and subject to surface tension, 
as when watei sunoimds a drop of piotoplasm in contact with a 
sohd, then at any and every pomt of contact certain defimte angles 
of equihbnum are set up and maintained between the thiee bodies, 
which angles are propoitionate to the magnitudes of the surface ten- 
sions existmg between the three Fourthly, a fluid film can only 
remain in equilibrium when its curvature is everywhere constant 
Fifthly, the only surfaces of revolution which meet this condition 
are six in number, of which the plane, the sphere, the cylinder, and 
the so-called unduloid and catenoid are important for us Sixthly, 
the cylmder can not remam in free equilibrium if prolonged beyond 
a length equal to its own ciicumference, but, passmg thiough the 
unduloid, tends to break up into spheres, though this limitation may 
be counteracted or relaxed, foi instance, by viscosity Finally, we * 
have the cunous fact that in a complex system of films, such as a 
homogeneous froth of bubbles, three partition walls and no more 
always meet at a crest, at equal angles, as, for instance, in the very 
simple case of a layer of uniform hexagonal cells, and (m a solid 
system) the crests, which may be straight or curved, alva3’s meet, 
also at equal angles, four by four, in a common pomt. Fiom these 
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physical facts or laws the morphologist as well as the physiologist 
may diaw inipoitaut consequences. 

It was llofmeister who fiist showed, more than 40 years ago, 
that when any drop of piotoplasm, either over all its surface or at 
some free end (as at the tip of the pseudopodium of an amoeba), is 
seen to “lound itself off” that is not the effect of physiological or 
vital contractdity, but is a simple consequence of surface tension — 
of the law of the mimmal surface, and on the physiological side, 
jEngehnann, Butschli, and otlieis have gone far in then development 
of the idea Plateau, I think, was the first to show that the myriad 
sticky diops oi beads upon the weft of a spidei’s web, their form, 
their size, then distance apait, and the presence of the tiny inter- 
mediate drops between, weie in eveiy detail explicable as the result 
of surface tension, through the law of minimal surface and through 
the coroUaiy to it winch defines the limits of stabihty of the cylmder, 
and, accordingly, that with their production the wiU or effort or 
mtelligenco of the spider had nothing to do The beaded form of a 
long, thm p&eiidopodium, for instance, of a Heliozoan, is an identical 
phenomenon. It was Erreia who first conceived the idea that not 
only the naked surface of the cell but the contiguous surfaces of 
two naked cells, or the dehcate mcipient cell membrane or cell wall 
between, might be regarded as a weightless film whose position and 
form were assumed in obedience to surface tension And it was he 
who first showed that the symmetrical forms of the unicellular and 
simpler multicellular oigamsms, up to the point where the develop- 
ment of a skeleton complicates the case, weie one and all identical 
with the plape, sphere, cylinder, unduloid, and catenoid, or with 
combinations of these. Beithold and Euera almost simultaneously 
showed (the former m far the greater detail) that in a plant each 
new cell partition folloivs the law of mmimal surface and tends (ac- 
coidmg to another law, ivhich I have not paiticulanzed) to seiritself 
at right angles to the preceding solidified waU, so giving a simple 
and adequate physical explanation of what Sachs had stated as an 
empincal morphological rule And Beithold further showed how, 
when the cell partition was curved, its precise curvature, as well as 
its position, was in accordance with physical law 
There are a vast number of other thmgs that we can satisfactorily 
explain on the same principle and by the same laws. The beautiful 
catenary curve of the edge of the pseudopodium, as it creeps up its 
axial rod in a Hehozoan or a Radiolanan, the hexagonal mesh of 
bubbles or vacuoles on the surface of the same creatures, the form 
of the little groove that runs loimd the waist of a Pendmian even 
(as 1 lieliPAo) the existence, foim and undulatory movements of the 
imdulatory membrane of a Tnqianosome, or of that around the tail 
of the speimatozoon of a newt—every one of these, I declare, is a 
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case where the resultant form can be well explained by, and can not 
possibly be undemtood without, the phenomena of surface tension. 
Indeed, in many of the simpler cases, the facts are so well explained 
by surface tension that it is difficult to find place for a conflictmg, 
much less an overndmg force. 

I beheve, for my own part, that even the beautiful and vaued 
forms of the forammifera may bo ascribed to the same cause, but 
heie the problem is a httle more complex, by reason of the successive 
consohdations of the shell. Suppose the first cell or chamber to be 
formed, assuming its globular shape m obedience to our law, and 
then to secrete its calcareous envelope The new growmg bud of 
protoplasm, accumulating outside the shell, will, m strict accordance 
with the surface tensions concerned, either fail to '^wet'^ or to adliere 
to the first-formed shell, and will so detach itself as a unicellular indi- 
vidual (OrhuUna ) , or else it wiU flow over a less or greater part- of 
the origmal shell, until its free surface meets it at the required angle 
of equfiibiium Then, accordmg to this angle, the second chamber 
may happen to be all but detached {Globiqenna) j or, with all inter- 
mediate degrees, may very nearly wholly enwrap the first Take 
any specific angle of contact, and presume the same conditions to 
be maintamed, and therefore the same angle to be repeated as each 
successive chamber follows on the one before, and you will thereby 
build up regular forms, spiral or alternate, that coi respond with 
marvelous accuracy to the actual forms of the forammifera And 
this case is all the more inteiestmg, because the ahied and successive 
forms so obtained differ only m degree, in the magnitude of a smgle 
physical or mathematical factor, m other words, we get not only 
mdividual phenomena, but hnes of apparent orthogenesis, that seem 
exphcable by physical laws, and attributable to the contmuity 
between successive states m the contmuous or gradual variations of 
a physical condition The resemblance between alhed and related 
forms, as Hartmann demonstrated, and Giard admitted years ago, 
is not always, however often, to be explained by common descent 
and parentage ^ 

In the segmenting egg we have the simpler phenomenon of a 
laminar system, uncomplicated by the presence of a sohd framewoik; 
and here, m the earhest stages of segmentation, it is easy to see the 
correspondence of the planes of division with what the laws of surface 
tension demand For instance, it is not the case (though the ele- 
mentary books often represent it so) that when the totally segment- 
mg egg has divided into four segments, these ever remain in contact 
at a smgle point ; the arrangement would be unstable, and the position 
untenable. But the laws of surface tension are at once seen to be 


1 Cf Giard, ‘miseours Ijiawgurale,” Bull. Sdeutif , id, p 1, 18S8. 
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obeyed; when we recognize the little cross-farrow that separates the 
blastomeres, two and two, leaving in each case three only to meet at 
a pomt in our diagram, which point is in reality a section of a ridge or 
crest 

Very few have tried, and one or two (I know) have tried and not 
succeeded, to trace the action and the effects of surface tension m 
the case of a highly compbcated, multisegmented egg But it is not 
snrprismg if the difficulties which such a case presents appear to be 
foimndable Even the conformation of the interior of a soap froth, 
though absolutely conditioned by surface tension, presents great 
difficulties; and it was only in tbe last years of JLoid Kelvm^s life 
that he showed all previous workers to have been m error regardmg 
the form of the mtenor cells 

But what for us does all this amount to ? It at least suggests the 
possibility of so far supporting tbe observed facts of organic form on 
mathematical principles as to bring morphology within or very near 
to Kant^s demand that a true natural science should bo justified by 
its relation to mathematics ^ But if wo weie to carry those prmciples 
fai’ther and to succeed lu piovmg them apphcable m detail; even to 
the showing that the manifold segmentation of the egg was but an 
exquisite froth, would it wholly revolutionize our biological ideas ? 
It would greatly modify some of them, and some of the most cherished 
ideas of the majority of embryologists, but I tlimk that the way is 
already paved for some such modification When Loeb and others 
haVe sho^ra us that half, or oven a small portion of an egg, or a smgle 
one of its many blastospheres, can give rise to an entire embryo, and 
that m some cases any part of the ovum can origmate any part of 
the organism, siiioly our eyes aie turned to the energies mherent m 
the matter of the egg (not to speak of a presiding entelechy), and 
away from its original formal operations of division Sedgwick has 
told us for many years that we look too much to the mdmduahty of 
the individual cell, and that the oiganism, at least in the embryonic 
body, IS a continuous syncytium Hofeeister and Sachs have 
repeatedly told us that in the plant, the growth of the mass, the 
growth of the organ, is the primary fact, and Be Bary has summed 
up the mattei in lus aphorism, Die Pflanze bildet Zellen, nicht die 
Zelle biklet Pflanzen And in many other ways the extreme position 
of the cell theory, that the cells are the uhmate mdmduals, and 
that the organism is but a colony of quasi mdependent cells, has of 
late years been called in question 

Tliere are no problems connected, with morphology that appeal so 
closely to my nfind, or to my temperament, as those that are related 
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to mechanical considerations, to mathematical laws, or to physical 
and chemical processes 

I love to think of the logarithmic spiral that is engiaven over the 
grave of that gieat anatomist, John Goodsir (as it was over that of 
the greatest of the Bernouillis), so graven because it inteiprets the 
form of every molluscan shell, of tusk and horn and claw, and many 
another oigamc form besides I like to dwell upon those lines ol 
mechanical stress and stiain m a bone, that give it its strength 
wheie st length is required, that Hermann Meyei and J Wolff 
described, and on which Koiix has bestowed some of his most 
thoughtful work, or on the kmdied confoimations that Schwendener, 
botanist and engmeer, demonstrated m the plant; or on the “stream- 
lines’^ in the bodily form of fish or bird, from which the naval aichi- 
tect and the aviator have learned so much I admire that old paper 
of Peter Halt mg’s, m which he paved the way for investigation of 
the origm of spicules, and of all the questions of crystalhzation or 
pseudocrystallization m presence of colloids, on which subject 
Lehmann has written his recent and beautiful book I sympathize 
with tlie efforts of Henkmg, Ehumbler, Haitog, Gahardo, Leduc, 
and others to explam on physical Imes the phenomena of nuclear 
division And, as I have said, I believe that the foices of surface 
tension, elasticity, and pressure are adequate to account for a gieat 
multitude of the simpler phenomena, and the permutations and 
combinations thereof, that are illustrated in organic form 

I might well have devoted this essay to these questions, and to 
these alone But 1 was loath to do so, lest I should seem to overrate 
then impoitance and to appear to you as an advocate of a purely 
mechamcal biology I beheve ab these phenomena to have been 
unduly neglected, and to call for more attention than they have 
received, but I know well that though we push such explanations to 
the uttermost and learn much in the so domg, they will not touch 
the heait of the gi^eat problems that lie deeper than the physical 
plane Over the ultimate problems and causes of vitality we shall 
be left wondering still. 

To a man of letters and the world like Addison, it came as a sort 
of revelation that hght and color were not objective things but 
subjective, and that back of them lay only motion or vibration, some 
simple activity. And when he wrote his essay on these startling 
discovenes, he found for it, from Ovid, a motto well worth bearmg 
in mind, causa latet, vis dfet notissima. We may with advantage 
recollect it when we seek and find the force that produces a direct 
effect, but stand in utter perplexity before the manifold and trans- 
cendent meanings of that great word cause 

The similanty between orgamc forms and those that physical 
agencies are competent to produce still leads some men, such as 
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Stephane Leduc, to doubt or to deny that there is any gulf between 
and to bold that spontaneous generation or the aitificial creation of 
the Imng is but a footstep away Others, like Delage and many 
more, see m the contents of the cell only a comphcated chemistry 
and m vanation only a change m the nature and arrangement of the 
chemical constituents. They either chng to a belief in “heredity'^ 
or (like Delage hnnself) replace it more or less completely by the 
effects of functional use and by chemical stimulation from without 
and from within Yet others, like Felix Auerbach, still holdmg to a 
physical or quasi physical theory of life, believe that in the iivmg 
body the dissipation of energy is controlled by a guiding principle as 
though by Clerk Maxwell's demons, that for the living the law of 
entropy is thereby reversed, and that life itself is that which has 
been evolved to counteract and battle with the dissipation of energy. 
Berthold, who first demonstrated the obedience to physical laws in 
the fundamental phenomena of the dmdmg cell or segmentmg egg, 
recognizes, almost in the words of John Hunter, a quahty in the living 
protoplasm, sui genens, wheieb}^ its maintenance, increase, and repro- 
duction are achieved Diiesch, who began as a ‘‘mechanist/' now, 
as we hare seen, harks bafdv stzaight to Aiistotle, to a twm or tuple 
doctnno of the soul And Bergson, rising into heights of metaphysics 
where the biologist, qnk biologist, can not chmb, tells us (like Duran) 
that life transcends teleology, that the conceptions of mechamsm 
and finality fail to satisfy, and that only “m the absolute do we live 
and move and have our being 

We end but a little way from where we began 

With all the gro’wth of knowledge, with all the help of all the sciences 
impmgmg on our omi, it is yet manifest, I thmk, that the biologists 
of tO'day are m no self-satisfied and exultant mood. The reasons 
that for a tune contented a past genet ation call for leinquiry, and out 
of the old solutions new questions emerge, and the ultimate problems 
are as inscrutable as of old That which, above all thmgs, would 
©xplam baffles exjilanation, and that the living oiganism is a livmg 
organism tends to reassert itself as the biologist's fundamental con- 
ception and fact Nor will even this concept serve us and suffice us 
when wo approach the problems of consciousness and intelligence and 
the mystery of the leasoning soul; for these tilings aie not for the 
biologist at all, but constitute the psychologist's scienjiific domain. 

In wonderment, says Aristotle, does philosophy begin, ^ and more 
than once he repeats the saying and more than once he rings the 
changes^on the theme. Now, as in the begmning, wonderment and 
admii'ation are the portion of the biologist, as of all those who con- 
template the heavens and the earth, the sea, and all that in them is. 


I neaipti , % 982&, 12, eto. 
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And if wonderment spimgs, as agam Aristotle tells us, from ignor- 
ance of the causes of tlungs, it does not cease when we have traced 
and discoveied the proximate causes, the physical causes, the efficient 
causes of our phenomena Foi behind and i emote from physical^ 
causation lies the end, the final cause of the philosopher, the reason 
why, 111 the which aie hidden the pioblems of oigamc harmony and 
autonomy, and the mysteiies of appaient puipose, adaptation, 
fitness, and design Here, m the region of teleology, the plain 
rationalism that guided us through the physical facts and causes 
begins to disappoint us, and intuition, which is of close Ion to faith, 
begins to make herself heaid 

And so it IS that, as m wondeiment does all philosophy begm, so 
m amazement does Plato teach us that all our philosophy comes to 
an end ^ Ever and anon, in presence of the magnalia naturae, we 
feel inclined to say with the poet, 

Ou '/'dp xc vuv /'$ dXX' d$£ nort 

Zu xauxa, Koudel^ if Stou ^(j>dvf] 

These things aie not of to-day nor yesteiday, but evermore, and no 
man kiioweth whence they came 

I will not quote the noblest words of all that come mto my mind, 
but only the lesser language of anothei of the greatest of the Greeks 
^^The ways of His thoughts are as paths in a wood thick with leaves, 
and one seeth through them but a little way ” 


1 Cf Coleridge, Biogr Lit 
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B\ Charles B Ketes 


My expeiieiices with gieat horned owL {Bubo mrgimanuSj espe- 
cially \\atli a pail iindei my obseivation foi several 3"eais, have often 
suggested a contiast and compaason with Mi Finley^s work on the 
Califoima condoi In seveial respects our subjects and experiences 
show a ceitam bioad lesemblance Both birds belong to the family 
of buds of piey, the one being the largest of the North American vul- 
tures, the othci the gieatest of all the owls The condor has passed 
into legend and hterature as the largest bnd of flight and the most 
graceful when on the wing, the great homed owl occupies a place no 
less important in legend and hterature as the symbol of brooding wis- 
dom and solemn mysteiy In both oui studies, too, the i are privilege 
was enjoj^ed of extending oui observations ovei the whole home period 
of the bnd^s hie, fiom the eggs m the nest to the young icady foi their 
fiist exclusion into the outside world 

In most lespects, however, our stones aie as much in contrast as 
they could well be The condors had their home in one of the wildest 
and most inaccessible of Cahforman mountain regions , from their nest 
rim the owls could look out upon fi-ve faiinliouses, with their numeious 
outbuildmgs, and one schoolhouse, all withm a radius of 600 yards, 
and all neighbors of othex homesteads and sclioolhouses set down 
in the veiy peaceful and nomnountamous State of Iowa The con- 
dors, in then wild environment, were tame and well-disposed from the 
first and grew constantly more docile as the study of then home life 
proceeded, proving to be, apparently, the gentlest of all the raptoiial 
birds, the great horned owls, with sunoundmgs that would seem to 
teach peace, had bad dispositions to begm with, and these con- 
stantly grew worse, until, after six weeks of suspense and with the 
longest of our claw marks still unhealed, my assistant and I felt a 
sense of rehef when the young owls finally took to the tree tops, 
leaving us with fairly whole physiognomies and the feeling that we 

1 Bepnnted by permisbion from The Condor, a magazine of western ormthology, Hollywood, Cal , vol 13, 
No 1, January-February, 1911, pp 5-19 
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had done the best we could, uiidei the circumstances, to pieserve the 
recoid of an unusual set of conditions The gieat horned owls had 
pioved to be, without much doubt, tlie fieicest of all the buds of prey 
In one fuither respect, unfortunately, our experiences were in contrast 
to those of Mr. Finley and Mi Bohlnian We found it impossible, 
by any means at our command, to secuie satisfactory negatives of the 
adult birdsd We wei e unable to take them at distances of less than 30 
feet, and in eveiy case they so blended with their background of gray 
bark, or gray bark and patches of snow, as not to be worth while 
We legretted our inabdity to tiy the effect of a bhnd to operate 
from, but the mechanical difficulties m the way of such an attempt 
demanded more time for their solution than we had to give We 
therefore gave our attention to the nest and contents, or rather as 
much attention as the old buds would allow us to give As the 
adults weie necessarily much under observation, it is hoped that a 
lecordof then conduct may add some interest to the present article 
The beautiful deciduous forest, stretching for miles along the 
north bluffs of the Cedar River to the west of Mount Vernon, had 
by 1890 been leduccd to vaiious detached gioves of fiom 10 to 100 
or more acies each m extent About Febiuaij^ of tlus latter year I 
was hunting thiough one of the laiger of these gioves, winch, if one 
shuck straight across the fields, was only a mile and a half from town 
I remember watching the shoit, uneasy flights of a great horned owl, 
but without locatmg his mate I also lemember talking with Mr. 
McFailand, a stuidy Scotchman who has occupied his homestead 
just across the load from the owls^ hunting grounds since the early 
fifties, and learning that ^^big hoot owls have always been m that 
timber Soon aftei the great oaks and hard maples of the eastern 
two-thirds of the giove fell under the ax, leaving to the west only a 
25-acxe remnant and, in the cut-over area, only some old white elms 
and a few young maples and hndens Among these latter the forest 
soil soon gave way to a thick carpet of blue grass, and so wffiat had been 
heavy foiest was gradually transformed into a lather open and still 
very beautiful timber pasture. It was taken for gi anted that the 
owls had moved elsewheie, and for a seues of years what had been 
famous Sugar Grove was practically forgotten. From 1901 on, how- 
everj my way several times led across the pasture and into the timber 
tract, and I was surprised to note there each tune the presence of 
great horned owls Once or twice I even took some pains to find a 
possible nesting site. Theie appeared to be none, so I concluded 
that the owls were merely transients. On February 6, 1906, just at 
nightfall a friend and 1 were walking along the public highway which 


* The portrait of the adult owl shown herewith (pi 3,) was taicon ‘ie\ eral jLars atjo Xrom a fine apeclmon 
brought In to the Cornea College b ologteal blKJratoiy, The picture was made by a tiudcut of zoology , 
who kft the negi'ti\e as property of the college 
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forms the north boundary of the pasture and the woods Suddenly 
the hootmgof big owls boomed out from a near-by hnden of the timber 
pasture, and there, suie enough, were both birds engaged in ardent 
courtship and not minding our presence in the least They stood 
facmg each other on the same branch and, with feathers ruffled and 
heads bobbing, were hooting m low tones as they side-stepped toward 
one another and greeted one another with low bows. Finally they 
flew away, side by side, into the timbei tiact That these weie 
transient birds was beyond behef, so, on Febiuary 17, after allowmg 
wfflat seemed to be a fair margin of time, I decided to give the vicinity 
a thorough search To make the story short, the nest was at last found 
m the veiy place wdiere previously it had not seemed worth while to 
look It was not m the heavy timber at all, but in one of the large 
elms of the pasture, and, moieover, hardly more than 60 yaids 
removed fioni the above-mentioned public road wfflere teams were 
constantly passing Toward the south the view was mid, open, and 
picturesque enough, to the west, north, and east, at distances varying 
fiom 200 to 500 yards, were the schooUiouse and farmhouses, as above 
stated 

A more fortunate set of conditions for the study of the owls^ home 
life could hardly be hoped for The short distance from town has 
already been indicated. The nest was in a large shallow hollow, 
28 by 32 mches m diameter at the bottom, with an entrance 18 by 20 
mches m diameter set at an angle of 45^ and facmg toward the south- 
east The hollow was only 8 mches deep on the exposed side, thus 
peimitting faiily good illummation Of still more importance the 
nest site was only 22 feet from the ground and a strategic branch 
some 5 feet above the nest afforded a pomt of attachment for a ladder 
combmation from which pictures might be taken As great horned 
owls generally make use of old hawks^ nests placed in the tops of the 
largest trees the good fortxme of this modest elevation can readily 
be appreciated At the veiy moment when this nest was discovered 
a second pair of these birds was domiciled in a redtaffls nest placed 
m a tall white ehn m heavy timber 3^ miles to the northwest and just 
92 feet above the ground Further, the proximity of farmhouses 
made certam the necessary supply of ladders and ropes Mr. Bene- 
dict, who hved just across the road and only 200 yards to the east, 
and Mr McFarland, whose house stood only 75 yards farther to 
the east, were our mterested and generous benefactors Our oppor- 
tunities were indeed great and, as I said, we greatly regretted our 
mabdity to make better use of them 

The weather on February 17 was fairly moderate, with the snow 
melting shghtly, though the precedmg days from February 6 had 
been stormy enough, with temperatures as severe as 10 below zero. 
But the sittmg bird was wonderfully protected from the storm 
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Winds of the north and west and flushed from three large perfect eggs 
that lay in a slight hollow of the decayed wood on the north side 
of the cavity It seemed to me out of the question, with such temper- 
atures as Februaiy and March weie suie to biing, to obtain any 
piotuics without havmg the owls put then date a little later m the 
season, so, after a little quick thought, I pocketed these eggs and 
went home ily conviction that the owls would not abandon so 
ideal a site after a probable occupancy of yearn was fully confirmed 
when, on March 23, three more eggs were found, just like the first 
and lying m exactly the same httle hollow. 

Saturday, Apiil 7, was the first waim day of spring. On this day 
Mr, W. W White, a student m Comcll College, and I made the first 
attempts to secuie pictures of the owls^ homo and surroundings 
Jkir, ^^nte^s ingenuity proved greater than my own and to him are to 
be credited the scheme for getting a camera within range of the nest 
and the successful picture of the eggs in situ. He also took the front 
view of the nest tree, looking noithwest and showing the general 
situation and the mterestmg structuie of the big elm itself I merely 
helped him with the necessary ladders and ropes Our two 20-foot 
ladders, lashed together and diawn up wuth a guy lope so as to rest 
on the aforesaid strategic bianch, made anythmg but a sohd founda- 
tion from which to work Nevertheless all the near views of the 
nest were taken from this unsteady peich, the camera beiog tied 
with stiings to the sides and rungs of the topmost ladder. 

On Apnl 14 two young were foimd m the nest and the remaining 
egg was much pipped Both young were entnely blmd and only 
one gave much sign of life. Tj^ was done by uttering a queiulous 
httle note somewhat like that ol a very young chicken when excited 
but not sulficiently frightened to peep The older one was able to 
hold its head up slightly whole the smaller was entirely helpless. 
Both shivered as if from cold, the day bemg cool and showery 
In the nest cavity were a headless bob white and the hmd parts of an 
adult cottontail rabbit The weather conditions prevented our 
trymg to secure a negative. On April 19 only two young were found 
in the nest, with nothuig at all to indicate the fate of the third egg. 
The young appeared quite hfeless, allowing their bills, which were of 
a slaty color ivith darker tips, to rest m the decayed wood of the nest 
bottom The feather sheaths were pushmg out on the dorsal and 
scapular tracts, and at the tips of these the brown juvenile plumage 
was beginning to show. The primary qiulls were also sprouting but 
the feathers themselves were still entnely concealed The nest 
cavity contained a headless adult rabbit and a headless coot, also the 
hind parts of a young rabbit about the size of a striped gopher. No 
assistant was avudable on tins day. On Apnl 21 the young showed 
very noticeable mcroase in size, the brown feathers now showing 
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all over the dorsal and scapular areas The eyes had partially opened 
in the foim of a rather narrow ellipse Still quite listless the young 
emitted the queiulous note as described but did not snap their 
mandibles. The View inside the nest hollow was rather a pitiful one 
In addition to half a coot and half a rabbit (probably the leavings of 
two days befoie) there lay scattered about four young cottontails 
baldly as laige as an adult stuped gopher. Two were whole, one 
headless, and only the hind paits of the fourth remained A high 
wind and a chilly day caused Mr White and me to lose this extraoidi- 
naiy picture By Apiil 26 the eyes of the young birds were nearly 
or quite open, the ms bemg of a milky yellow or light lemon yellow 
The mandibles, which were now giayish yellow m color, were snapped 
vigorously The prnnaiy quills were an inch and a half long, the 
feathem just begmmng to show at the tips. The food in the nest 
consisted of the hmd parts of an adult cottontail, an entire striped 
gopher and a headless bobwhite Various feathers of a flicker also 
indicated a capture of this species. I was agam without an assistant 
On Apifl 28, with the help of Mr. George H Burge, I was able to 
repeat Mr Whitens performance of three weeks beJEore and get a 
successful negative of the nest and contents. The young were now 
2 weeks old, still quite drowsy and inert, and entnely dismchned to 
open their eyes toward the light. The only food m the nest was the 
hmd quarters of an adult cottontail. 

Thus, for 1906, weather conditions thought to be insuperable and 
frequent inabihty to get a helper when one was needed had permitted 
a net letuin of only three good negatives Further trips were made 
alone to the owls’ home and a few further observations recorded. 
By May 9 the young seemed to have doubled m size and were wide- 
awake and combative In size they were even tlien, at 3^ weeks, as 
large in appearance as a two- thirds giown Plymouth Rock hen. In 
the nest lay the lund quarters of an adult rabbit, a headless young 
rabbit about one-thud grown, and a large headless brown rat. 
Bemg away fiom town myself, on May 16 Mr. White, with a student 
assistant, went to the timber pasture mtendmg to secure a fourth, 
picture The nest was found empty, the owlets havmg occupied it 
this season only about 4 weeks Soon after that, as I learned from 
one of the neighbors, two little girls gathering flowers in the timber 
tract came across both owlets as they were scrambling along the 
ground and evidently still unable to fly The girls reported the 
strange creatures to a hired man who was temporarily m the neighbor- 
hood and he hunted up the 'Varmints” and clubbed them to death. 
The real neighbors of the owls would not have done this They^were 
ail interested m the big birds and aU reported that their large flocks 
of chickens had not suffered from their presence. 
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A further word should be added on the behavior of the adult birds 
during the first season With tAvo of us at the nest their demonstra- 
tions, although energetic enough, never proved dangerous Both 
biids merely came near, flying back and forth at distances varying 
from 30 to 100 feet, snapping their mandibles, rufllmg their feathers, 
and hootmg out vigorous protests It was different when one peison 
was at the nest alone On April 28 I had amved at the old elm 
about 20 minutes ahead of JVIr Burge and, standing on the next to 
the top round of a 20-foot ladder, was making some examination of 
the young and the other contents of the nest cavity The ladder 
necessarily stood as near]}" vertical as possible to reach the cavity at 
all and, as the big tree was about 5 feet m diameter just beloAv the 
hollow, the hold was none too secure Fortunately a small hori- 
zontal branch shot out from the heavy trunk on the northeast side 
and against tliis the top 3 inches of the ladder found some support 
Without this I diskke to tlimk what might have happened when that 
stuimmg blow came m from the south quarter It was absolutely 
unexpected and so violent as to leave the left side of my head 
quite numb Witli my hand I discovered that blood was runnmg 
down my cheek and a quick glance around shoAred my assailant step- 
ping up and dovm on a nearb}" limb and clearl}^ ready to come again 
Under the circumstances I shd doAvn the ladder to finner vantage 
ground. The slash, which began on the left cheek and ran across 
the left ear, Avas rather ugly but not dangerous Considermg the 
eight claws of a great horned owl, each li inches m length, I had 
gotten off easily Evidently only one claA^ had taken effect, the 
curvature of the great tree trunk and my clxngmg position over the 
nest rmi having given, doubtless, some protection The numbness 
was probably caused by the stroke of a ruslung vmxg 
Wlien on May 9 I AA"as agam compelled to visit the nest alone I 
knew AAdiat to expect and so was constantly on my guard About 3 
seconds^ study of the young birds and nest contents was alternated 
Avtth about the same amount of scrutiny of the immediate horizon. 
In this way it AA^as possible to define an adult owhs manner of attack 
Three times on this occasion one of the birds flew in from a neigh- 
boring tree and mth strong stroke of wmg came straight at my 
head. It was not at aU the stoop of hawk or falcon, but rather 
the onrush of a heavy projectile mth a very flat trajectory Like a 
large projectile, too, the flight was visible and so all the more disconcert- 
ing; unlike a projectile, it was noiseless as a fl3ang shadow Audubon 
speaks qf the hunting flight of the great horned owl as possessmg 
incomparable velocity and, kind reader, I am quite ready to agree 
mth him* The big bird, perched on a branch from 30 to 50 feet 
away, first shifts nervously from one foot to the other, then launches 
swiftly into space. There is Just tune to brace oneself a httle, sAring 
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one^s cap, and quickly duck one’s head as the great missile rushes 
past The owl keeps straight on her course and ahghts with heavy 
impact on a branch of a neighboring tree Here she faces about and 
very likely corner stiaight back agam This process became finally 
a bit too excitmg and, after malong certam that the headless quad- 
ruped lymg m the nest over behmd the owlets was just a big house 
rat, I shpped down the ladder and went home 

February 7, 1907, was cold and clear aftei the terrific snowstorm 
of the night before On tins day kfr J ames R Smith, a young farmer 
of the vicimty who had always been interested in birds and who was 
destined to be my sloUful assistant tlnoughout the season, accom- 
pamed me to the snow-covered timber pasture As we approached 
the nest tree of the year before a fox squirrel leaped from one of the 
smaller adjacent trees and, startmg up the big elm, ran along the 
nm of the great knothole which formed the owls’ doorway and 
scampered onto a topmost branch If the owl were at home the 
saucy fellow surely passed withm 10 mches of her face For a moment 
felt dubious as to the nest bemg occupied As we approached the 
tree, however, a great horned owl flew from one of the higher branches, 
aroused either by the squirrel or, more likely, by our own approach. 
This was more favorable We gave the tree a few kicks, when the 
sitting bird hopped up hghtly to the rim of the cavity, looked across 
the white landscape for several seconds, then spread her nearly 5 
feet of wiugs and flew silently away. 

Our first mistake for 1907 was in not looking into the nest on 
this first day Our reasons for not domg so were the behef that the 
set of eggs could hardly be complete at this time and especiaRy the 
fear that the egg or eggs could not stand exposure even for a short 
tune on so cold a day My present belief is that this fear was 
unfounded. Just two days later, on February 9, at about 3 o’clock 
m the afternoon, I visited the nest agam and found the set of three 
eggs complete These were lymg in a shght hollow as before, but as 
far back in the cavity as possible Except for a small space about 
the eggs the house was filled, even to the doorsiH, with snow It 
was a picture, mdeed, but one over which we did not dare tarry in 
freezing weather. All the eggs were nest stamed and it did not look 
as if any one of them had been laid that day However, ting was 
uncertam, and I had lost a possible opportumty of learning just when 
the set became complete This was regrettable, for no one seems to 
Icaow the period of mcubation of an egg of the great homed owl. 
The older ornithologists made their guess at 3 weeks Bendire later 
expresses his belief that this period is too short and that 4 weeks is 
probably nearer to the truth I have not determined the point, 
though my data stiU possesses some interest Toward the end of the 
► 38734°~sm 1911 2 Q 
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nioatli I began to visit tlic aest as often as possible to asceitam as 
nearly es I could wlien tlie chicks appeared and how long the hatch- 
ing proi css lusted It was not until March 6, at 2 p m , that I found 
one of the eggs pipped, a small round area no larger than a pea being 
broken* On Mai'ch 7 at the same hour the broken area was the size 
of a dime. I could chsimctly liear, however, several times repeated, ♦ 
the low twittered note of the still imprisoned chick The other eggs 
still showed no sign Bad weather and pressure of other work now 
pi evented a furthei visit until Mmch 11 at 2 30 o^clock Two veiy 
callow owlets were no’ftr m the nest and one slightly pipped egg The 
young birds v/eie not completely protected by their white down as 
yet, tlie baie skm bemg visible between the tracts On March 16 
tliree young owls of different sizes were found in the nest, one bemg 
quite m<irkedly smaller than the other two. The query remains 
How long does it take a gi'eat horned owhs egg to hatch ? The above 
are the data kept and anyone can make estimates on them* It 
seems certam that these birds did not lay an egg oftener than once 
m two days and that the period of mcubation could not have been 
less than 30 days, wnth the probabihties on the side of a rather longer 
penod 

For our second yearns work we had the experience of the first to 
go on, we were more confident of the owlets^ abiUty to bear exposure, 
and so decided to photograph them at least once a week, let the 
weather offer what it would And the offerings were of sufficient 
vaiiety* On March 16, with the young 4, 6, and 8 days old, approxi- 
mately, the temperature was well above freezmg and comfortable, 
but we were imable to expose a plate until 4pm, the sun became 
covei’ed wnth black clouds, and we were on the shady side of the tree 
We were not hopeful, but a long exposure accomphshed our purpose. 
In addition to the parts of three adult cottontails and one bobwhite, 
which the cameia shows, a fourth rabbit and a second bobwhite, also 
a plump field mouse, do not appear in the picture, being tucked away 
under the overhanging roof to the left or bmied under other remams 
It was chilly on March 30 and a high vnnd was blowing in from the 
northwest On April 13 we had a regular northwest gale to contend 
with and freezing temperature added We varied our work with the 
Camera by runs across the frozen timber pasture. Why it was that 
our negatives taken on these last two dates did not show motion we 
have never satisfactorily explained to ourselves, for only time expo- 
sures could be used* Certain it ia that both the big elm and our 
nearly 30-foot stretch of ladder were swaying back and forth under 
the lash of that roai'ing wind The gentle rain that was falling when, 
on April 18, Mr Benedict helped me brmg the now lively owlets to 
the base of the old nest tree, proved to be really no obstacle at all. 
It splashed water against the lens of the camera but the negatives 
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gave no sign. The hist fine weather of spimg was calling forth the 
backward buds of the young hard maples when, on April 22, the 
owlets posed for the last time on an old oak stump, ]ust east of the 
nest tree The weathei encountered on dates not mentioned was 
composed of vaiiations of the above, but the rule was freezmg tem- 
pciatiues, With high winds Under all the conditions the young owls 
thrived and did not seem to mmd senously our mtrusion mto their 
home life 

Duimg the season of 1907 the food contents foimd in the nest 
ca\uty were as follows Five bobwhites, 2 meadow mice, 1 domestic 
pigeon, 1 flicker, 2 American coots, 1 king lail, 19 adult cottontails. 
This hst IS not, of couise, an accurate accoimt of the various captures 
brought to the nest It meiely records what was seen there on the 
16 trips made The same bird or mammal was doubtless sometimes 
counted twice, and captures were m all probabihty brought in of 
which no remnants were seen I think not more than 3 different 
bobwhites were seen, quite likely only 2, and the number of cotton- 
tails IS also probably too high The fact seems to be that both birds 
and quadiupeds of the larger size, after bemg eaten fiom the head to 
the tougher hind parts, were then left two or three days untouched 
and finally removed from the nest altogether. These were not 
diopped about the base of the tree, however, and m fact no trace of 
food remnants was found at any tune except m the nest itself 
That some refuse was removed from the nest seems probable fiom 
such facts as the following The above-mentioned 2 bobwhites, 1 
meadow mouse, and 4 labbits found in the nest cavity on March 16 
were all in faiily whole condition, aside fiom the heads. On March 
23 paits of 5 rabbits were found, lepiesented by the hind quarters 
only, and 1 bob white \nth the breast eaten away. These were 
mostly rather desiccated remnants and I took them to be, for the 
most part, leftovers fiom the week before On Maich 30 the nest 
was entirely clean except for a freshly killed white pigeon Generally 
speakmg, the nest cavity was well kept, a fact which seemed to indi- 
cate removal of the excrement of the young by the old birds. 

Our second season^s active work vith the owls was not without its 
exciting features. Twice when alone I had had, in spite of close 
watchfulness, pretty close brushes with one of the old birds But it 
was not until the yoimg weie removed from the nest for the last two 
attempts to get clearer pictures that there was any real element of 
danger. With the thi'ee pugnacious owlets grouped on the ground 
at the base of the nest tree, both old birds now closed in, teetering 
and dancing and hootmg on branches about 30 feet from our heads 
or brushing close past us as they took up new positions or sought for 
an opening* Mr. Benedict, who was my helper this time, hterally 
stood guard over me as, with camera close to the ground, I stooped 
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under the fociismg cloth Except for his full-voiced yells and well- 
aimed sticks I am sure my position would have been utterly untenable. 
The last tiy for pictures, when the young were placed on the old 
stump a few feet to the cast of the big elm, did not pass off so smootlily, 
AVlicther tlie city fiiend who had become interested in the pioccod- 
ings and who was thm tune trusted as my bodyguard was less effective 
with voice and missiles tlian he should have been, or whether the owls 
no longer feared an ordinary demons tiation, it would be hard to say. 
T^vo of the 3"oung'3tOLs were already on the oak stump and I was 
somewlieie aloft in quest of the third Piesumably I was either just 
leaclmig over tlio ncbt iiin for the last siiappmg owlet or else had just 
started duwui w ith him My memory has never been clear on the point 
nor was my excited friend ever able to elucidate fully At any rate 
my position, for the moment must have been sti ategically bad The 
sharp cry ^'Look out'’ barely gave mo time to duck my head, when 
a resounding whack was administered across my shoulders. This 
was not damaging, but the return stroke would come quickly and 
doubtlcbb 1)0 better j)lacod It came and I ducked again, but not 
quite far oiiuiigli, oi ])osbil)l 3 ^ not at exactly the nght mstant. The 
shock wub piofound The list of damages showed thiee scelp ivounds 
from 1 nuh to nearly 3 inclxcb m length, wlule my cap had dibappeared 
entiralj^ from the scene Tins was later found under a tree some 
hundred yards to the south, a punctured souvenir of our last intimate 
contact with the gieat homed owls 
After oacli sitting the young were replaced in the nest and two 
days after the stoini^* last one, on April 24, the house was found 
empt}" and the f anul^r as in the treetops It wuU be noted that the 
owlets remametl in the nest about two weeks longer in 1907 than in 
1000 One youngster was m the very top branches of the old elm 
of Ids natnity, 50 feet above the deserted homo or more than 
70 feet above the ground, another w^as 100 yards away in the timber 
tract and some IS feet up m a linden, both weie motionless and 
mcouspiciious among the bucldmg branches In the time at disposal 
the third brother could not be found Two days before this the 
young had showm neither inclination nor abihty to fly It seems 
certain that no one of them could have mounted a vertical distance 
of 60 feet tluoiigh any powers of his own The conclusion seems 
inevitable that in some way the old birds earned the young to the 
places vrhere I found them But the secret belongs to the owls, for 
no one witnessed the leave-taking. 

A httle more than two months passed by and on a walk through 
their now heavily foiiaged retreat two great heavy owls, seemingly, 
and doubtless actually, larger than adults, were startled from the 
ground near some prostrate tree trunks, from which they flew slowly 
into the nearby trees. Almost at the same moment a third dropped 
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from the lower branches of an oak and took up a new position deeper 
in the shadows of the woods So far as mere size was concerned the 
owlets had reached and even surpassed the adult owl estate^ though 
probably still under the care and tutelage of then elders From now 
on they would need to shnnk and harden into the strength and agility 
necessary to enter the competition of adult owl life and mamtain 
themselves m the general struggle for existence 

February of 1908 agam found Mr. Smith and me rappmg anxiously 
at'the old elm of the timber pasture With the facilities at our dis- 
posal we could accomplish httle more with the young birds, but 
durmg the year we had formulated a plan by which there might be a 
bare possibility of secunng a portrait of the old owl as she sat within 
her doorway. Our hopes were raised by the reports of both Mr 
Benedict and Mr McFarland that, as the nestmg season appi cached, 
the owls had been heard hooting as usual Our misgivings began 
when wc found piled about the nest tree the cordwood from a number 
of the neighboring young lindens The old nest cavity was found 
empty The owls were able to endure intrusion into their home hfe 
for two seasons, but evidently did not take kindly to radical changes 
in their immediate environment 

A mile west of the old home is another forest fragment of perhaps 
60 acres and m this a pair of red-tailed hawks had built their bulky 
aerie in a tall white-ash tree, 75 feet from the ground Folio wmg 
the custom of most of their tnbe when suitable hollow tiees are no 
longer to be had, the big owls appropriated this new refuge and in it, 
in spite of ram, sleet, snow, and wind, successfully raised their brood. 
To be sure we had no exact proof that these were the veiy owls with 
which we had dealt m other years, nevertheless we felt morally certain. 
The new locality was the nearest available one and for many years, 
until 1908, had not boasted its pair of owls. 

The years 1909 and 1910 add nothing new to the history of the 
owls except that m the former year a January gale destroyed the nest 
in the ash tree and the valiant pair were apparently forced to a new, 
but similar, retreat Their history, so far as we were concerned, was 
a closed one. Durmg the season of 1907 1 had located five pairs of great 
homed owls within a radius of 7 miles of Mount Yemon None of 
these could be mtimately studied except th^ pair whose history I have 
tried to trace. In February of 1910 I agam tried to locate breeding 
birds of this species, hut without success In spite of the big fellow^ s 
tenacity in cimgmg to a locality once chosen, in spite of his clever- 
ness in escaping observation, it almost seems now that the coming 
of the shotgun army and the gomg of the protecting forests were 
gradually making the great homed owl, along with many another 
species without which the woods are stdler and humanity poorer, in 
the more settled parts of our countiy at least, a member of a slowly 
Yamshing race. 
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[With 1 colored plate ] 


AccouEts by Pehr Kalm (1759) OEd John James Audubon (1S31) 


[The former habitat of the passenger pigeon {Ectopistes migratorius) as given by the 
Amencan Ornithologists’ Union check list (third edition, 1910) la as follows 
‘^Bred formerly from middle western Mackenzie, cential Keewatm, central Quebec, 
and Nova Scotia south to Kansas, Mississippi, Pennsylvania, and New Yoik, win- 
tered principally from Arkansas and North Caiolina south to central Texas, Louisiana, 
and Florida, casual m Cuba, eastern Mexico, and Nevada, now probably extinct ” 
There is one hvmg bud left This is m the Cincinnati Zoological Gardens 
The causes of the extermination of this pigeon are chiefly the greed of civilized 
man The destruction of foiests within its range gieatly reduced its natural food 
supply, and the killmg (by netting, shooting, clubbing, etc ) of enormous quantities 
in the end produced the same eflect as with the bison When these i)igeons were si ill 

numerous great numbers were used in trap shooting 
In a wild state the pigeon became extinct about the year 1900 — ^possibly a few 
lingered after that date, yet Meishon ^ estimates (p 92) that a total of 1,000,000,000 
were killed in the Michigan “nestmg” of 1878 ] ^ 

I —A DESCRIPTION OF THE WILD PIGEONS WHICH VISIT THE SOUTH- 
ERN ENGLISH COLONIES IN NORTH AMERICA, DURING CERTAIN 
YEARS, IN INCREDIBLE MULTITUDES 

By Pehr Kalm (1759) ^ 

In North America there is a species of wild pigeons^ which; com- 
ing from the upper part of the country, visits Pennsyiyama and 
others of the southern Enghsh settlements dining some yearS; and 
in marvelous multitudes 

They have, however, alroadr boon described and exceedingly well 
illustrated in hvely color-. t h-' iw n great ormthologists and match- 

I Heaclor*! wishing to purbue the ‘-liujjcu lurth^r bhould con uilt W B Mershon’s bool?. The Pasgeng^r 
Pigeon, 1907, New Yoi k, fioin ^,hlch the colored p' ''C’-l '-’'■'i . i " “n < i 

s TranUcitod b> b M Gronbaigoi irom Kong’ j ^ --u- ' . ^ for 1750, Vol 

20, StoolrholTn IroO Pi-cpnnlLd by permi^ion fnii'i i hi. Auk, \ ol Ja, J , j'jil 
3 The names gi\en by ormthologisLb ejid otheia to those p’goona ore as follo\^ s 
CqK nba (rnaroura) cauOaciine^O'-milon'ja, ^ecforepuTpj'TCscfii^e Linn bvet X, T I, p 164 
Colvmbd ^naooura The long-iailed dove Fd vf ' do’s H’^tory of BirJi, T I, p 15, t IS. 
ralv.mbus viigraioTiuft The pigeon of passage Ci^esuysNut Hist of Caromij, Vol I,p 23, t 23 
I)Lf\or, Villa Duf^or [pigeons, wild p'geons], '-o calLc* b'* tl c Swedes in NeW' Sweder 
Pigeons, wild pigeotL., hj the Enghsh in North America 
Tourtes, by the French in Canada 
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less masters of bird di^awing, Catesby and Edwards, but as I Have 
had occasion to notice with legard to the desciiption proper and 
especially as regards the hving habits of these pigeons yaiious things 
w^ch these gentlemen have either left entnely iinnientioned, or 
which at their places of residence they have not been able properly 
to ascertain, it is my desire to dehvei a short account of this subject 
befoie the Royal Academy of Sciences, using the notes fiom my 
American diaiy 

Although these pigeons have been splendidly illustrated by ornith- 
ologists, they have not been able to leproduce their beautiful colom 
m true accordance with nature, in one lespect, at least; the color 
mdicated on eithei side of the neck should extend much higher up 
[Techmcal descriptions follow xn Latin and aie here omitted ] 

The size of these pigeons is about that of a ringdove 
Their long tail distinguishes them from other pigeons. 

The splendid color which the male and the female have on the 
sides of the neck and even a little beyond it is also pecuhar m that 
the feathei’s m that legion are as if covered vuth a finely resplendent 
copper [color], with a purple tint, winch back of the neck shifts 
more into green, paiticularly with reference to its position toward 
the hght Raiely is tins color mol^e finely repioduccd than in this 
bird Mr Catesby calls it a golden color, but it can hardly be 
termed that. 

In the copy of Mr Catesby^s work which I have seen both the 
head and the back, are of a darker color, and the breast is also of 
a redder color than the bud actually has This I could veiy weE 
see when I laid a recently kJled male beside Mr Catesby^s figure, 
as it IS the male which is repioduced in his work Ijh Edward 
[sic] has entirely omitted the above-mentioned coppei color both 
in lus descnptxon and his figure It ma}’^ be that some of the young 
ones do not have it; but it was found on all those which I have 
handled, and which were laUed m the spimg ^ 

Qmte a number of these pigeons may be seen eveiy summer in 
the woods of Pemisylvama and New Jersey and the adjoining prov- 
inces, m which legion they live and nest, and it is very seldom 
that a greater number of them are not obseived there in the spring, 
dming the mouths of Febiuary and March, than in the other seasons 
of the year But there are certain years when they come to Penn- 
sylvania and the southern English provinces in such indescribable 
multitudes as hterally to appall the people I did not, however, 
have the opportunity of witnessing such personaEy (although the 
spring of the year 1749, when I was there, was considered as one of 
those in which a greater number of these pigeons appeared than had 

1 Etlwardjj's figure rerre&euts a distinct speaea of aaother genus, namely, the CoVmha 
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been tbe case iov some years previously, yet it was not one of the 
particular or more unusual ones) , but all persons who had observed 
these happenings and lived long enough to remember several of 
them recited several incidents connected therewith Some had even 
made short notes of various details, of winch I will cite the following 

In the spiing of 1740, on the 11th, 12th, 15th, 16th, 17th, 18th, 
and 22 d of March (old style), but more especially on the 11th, there 
came fiom the north an incredible multitude of these pigeons to 
Pennsylvania and New Jersey Their number, while in flight, 
extended 3 or 4 Enghsh miles in length, and more than 1 such mile 
m bieadth, and they flew so closely together that the sky and the 
sun were obscured by them, the dayhght becommg sensibly dimin- 
ished by their shadow 

Tlio big as well as the httle tiees m the woods, sometimes covermg 
a distance of 7 English miles, became so filled with them that hardly 
a ting 01 a branch could be seen which they did not cover; on the 
thickei blanches they had piled themselves up on one another's backs, 
quite about a yaid high 

When they ahghted on the trees their weight was so heavy that 
not only big limbs and branches of the size of a man^s thigh were 
broken straight off, but less firmty rooted trees broke down completely 
under the load 

Tlie ground below the trees where they had spent the night was 
entirely coveied with their dung, which lay in great heaps 

As soon as they had devoured the acorns and other seeds which 
served them as food and winch geneially lasted only for a day, they 
moved away to another place 

Tlio Swedes and otheis not only lolled a great number with shot- 
guns, but they also slew a gieat quantity with sticks, without any 
particular difficulty, especially at mght they could have dispatched 
as many as their strength would have enabled them to accomplish, 
as the pigeons then made such a noise in the trees that they could 
not hear whether anything dangerous to them was going on, or 
whether there were people about Several of the old men assured 
me that m the dailoiess they did not dare to wallc beneath the trees 
where the pigeons wore, because all through the mght, owing to then 
numbeis and coirespondmg weight, one thick and heavy branch after 
another broke asunder and fell down, and this could easily have 
injured a human bemg that had ventured below. 

About a week or a little later subsequent to the disappearance of 
this enormous multitude of pigeons from Pennsylvania and New 
Jersey, a sea captam by the name of Amies, who had just arrived at 
Philadelphia, and after him several other seafaring men, stated that 
they had found locahties out at sea where the water, to an extent of 
over 3 French miles, was entirely covered by dead pigeons of this 
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species. It was conjectured that the pigeons, whether owing to a 
storm, mist, or snowfall, had heen earned away to the sea, and then, 
on account of the darlaiess of the following night or from fatigue, 
liad ahghted on the water and in that place and manner met their 
fate. It is said that from that date no such tiemendous numbers of 
tins species of pigeon have been seen m Pennsylvama 

In the beginning of the month of February, about the year 1729, 
according to the stones told by older men, an equally countless mul- 
titude of these pigeons as the one just mentioned, if not a still larger 
numbei, amved m Pennsylvania and New Jersey Even extremely 
aged men stated that on three, foiii, five, or seveial more occasions 
111 their lifetime they had seen such overwhelming multitudes in these 
places, and even the paients of tliese people had in their turn told 
them that the same phenomenon had occurred several times dunng 
then own hves, so that 11, 12, or sometimes more years elapse 
between each such unusual visit of pigeons 

From Lawson’s History of Carohna (p 141) , I see that m the wmter 
of 1707, which was the severest known in Carolma since it was settled 
b}’’ Europeans, an equally awe-mspirmg number of these pigeons had 
made an ap]>earance m Carolma and the other southern Enghsh set- 
tlements, diiven tluiher by causes winch I wiU now mention 

The learned and observant Dr Colclen told me that during his stay 
in North Amenca, where he had been smee the year 1710, at his 
country place, Coldmgham, situated between New York and Albany, 
ho had on two distmct occasions, although at an inteival of several 
yearn, ^\ltnessed the arrival of these pigeons in such great and unusual 
numbeis that durmg two or three hours, while they flew by his house, 
the sky was obsouied by them, and that they presented the appear- 
ance of a thick cloud 

All the old people were of the opmion that the months of Febru- 
aiy and March is the single season of the year when the pigeons swoop 
down u])on Pennsylvania and the adjacent English provmces in such 
marvelous quantities; at other seasons of the year they are not to 
be seen in any great numbers. 

The cause of their migrations from the upper part of the country 
in such great quantities at this season is twofold — first, when there is 
a failure of the crop of acorns and other fruit in the places where they 
otherwise generally spend the winter, thus rendermg their supply of 
food insufficient to last until the ensumg summer; and, second, and 
cHefiy, when an unusually severe winter with abundant and long- 
remaimng snow happens to occur m their customary winter haunts, 
thus covering the ground and making it impossible for them to secure 
the acorns, beechnuts, and other fruit and seeds on which they otlioi wise 
feed at this season, in such cases they are forced to leave tlie&e looah- 
ties and seek their food down along the seacoast, where the wmters, 
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owing to the sea air, are always milder, and the ground more and 
earlier free from snow Experience has shown that both of these 
cucumstances have caused their migrations to take place m such 
great multitudes 

A pecuhar fact, and one winch older persons have unanimously 
mamtamed to be true, is that on all occasions which they could 
remember, when the pigeons appeared m such gieat numbers, there 
had always been durmg the preceding autumn, m Pennsylvania and 
adjacent localities, an abundant crop of acorns and other arboieal 
seeds, excellmg that of several pievious years, but during their stay 
the pigeons had so carefully searched and ransacked all possible nooks 
and corners that after then departuie it was almost impossible to 
find a smgle acorn m the woods 

Several extremely aged men also declared that durmg then clnld- 
hood there weie, m summertime, many more of the pigeons in New 
Sweden than there are now, the cause of this is that the country is 
at present much more populous and cultivated and the woods more 
cleared off, and as a result the pigeons have either been lolled off or 
scared away 

As nearly all the uiliabitants of Pennsylvania and the Enghsh set- 
tlements m the South did not quite know whence these numberless 
swarms of pigeons came from, they entreated me to ascertam, during 
my journeys in the mterior of the country, where so many were to be 
found m summertime, what their food and other economic require- 
ments were at that time of the year, and so on During my journey 
to and withm Canada I found the desired occasion of learmng all of 
this, winch I will now briefly relate 

Wlien toward the end of June, 1749 (new style), I had left the 
English colomes and set out for Canada through the wilderness winch 
separates the Enghsh and French colonies from each other, and 
winch to a great extent consists of thick and lofty forests, I had an 
opportunity of seemg these pigeons in countless numbers. Their 
young had at this tune left their nests, and their great numbers dark- 
ened the sky when they occasionally rose en masse from the trees mto 
the am. In some places the trees were full of them nests. The French- 
men whom we met m this place had shot a great number of them, and 
of this they gave us a goodly share. These pigeons kept up a noisy 
murmuring and coomg sound all mght, durmg which tune the trees 
were full of them, and it was difficult to obtam peaceful sleep on 
account of tlicir contmuous noise In this wilderness we could hear 
in rhe nighttune, durmg the calmest weather, big tiees collapsmg 
m the forests, which, durmg the silence of the night, caused tremendous 
reports; this might m all probability be ascribed to the pigeons, which, 
according to their custom, had loaded a tree down with their numbers 
to such an extent that it broke down, although other causes might 
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also be found, whereof more is mentioned m the third, volume of my 
Anieiican Journey The additional observations which I had occa- 
sion to make as to their economy and manner of life during my stay 
in Nortli America, both in Canada, the wilderness of the English colo- 
mos, and m tho land of the savages, are as follows 
The birds spend the entne summer in Canada, and particularly do 
they nest in the vast wild forests and wastes which abound there, 
where no men aie to be found and where seldom any human bemg 
ventures When in summer a poison travels through these forests 
he might easily become teriified by the enormous number of these 
birds, winch in some places almost entuely cover the branches of the 
trees, and when taking wing obscure the sky These pigeons have, 
however, their distinct boimdaiics, outside of which they do not often 
venture, as, for example, somewhat south of Bay St, Paul, which is 
20 French miles north of Quebec, not veiy many of them nest m the 
woods, and the cause of this is said to be that the oat and the beech 
tree, which supply them with their principal food, are here arrested 
m thoir growth, and grow no faither north 
In foiests whore theie aie human settlements, or where the country 
is inhabited, only a few aie to be seen, and as the land is bemg gradu- 
ally cultivated by man the pigeons move farther away mto the wilder- 
ness. It is maintained that the cause of this is partly that their 
nests and young are disturbed by boys, partly their own sense of a 
lack of safety, and finally that durmg a great part of the year their 
food is shared by the swme 

They build thoir nests in high trees, pine trees as well as deciduous 
ones, often as many as 40 oi 50 nests aie to be found m the same 
tree 

Some maintaui that they raise two broods of young every summer 
In places wheie they nest m abundance the ground is often covered 
with their dioppings to a thickness of 1 to 2 feet 

While these buds are hatclung then young, oi while the latter 
are not yet able to fly, the savages oi Indians in North America 
are m the habit of never shooting oi Idlling them, nor of allowing 
other’s to do so, pretending that it would be a great pity on their 
young, which would in that case have to starve to death. Some 
of the Frenchmen told me that they had set out with the intention 
of shooting some of them at that season of the year, but that the 
savages had at first with londness endeavored to dissuade them 
from such a purpose, and later added threats to their entreaties 
when the latter were of no avail 

In Canada it is almost everywhere the custom for young farm 
hands and boys to investigate where the pigeons have their nests, 
and as soon as the young are able to fly they are taken from the 
nest and brought to the farm, where they are afterwards kept in 
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suitable quarters and industriously fed, whereupon they are killed 
and eaten To make doubly sure that they do not escape, one 
of their wings is geneially cut short, so that even in case they do 
get out they can not fly away Such nesthngs have a good appetite, 
thrive comfortably, become quite tame, and withm a short time, if 
well taken caie of, accumulate so much fat that they aflord a most 
palatable dish 

For food these pigeons select the following fruits, which I will 
name m the order that they mature 

Seeds of the red-flowered maple {Acer)) these mature m Penn- 
sylvania at the end of May, but somewhat later farther north 

Seeds of the American elm {TJlmus amer%cana), these matuie in 
Pennsylvania m the beginnmg or middle of June, but farther north 
somewhat later When on oui journey through the -wilds between 
Albany and Canada we cut up some of the pigeons which the French 
had shot and given us, their crops were generally found to be full of 
elm seeds 

Mulbeines, winch ripen m Pennsylvama in the beginning of June 
(new style), are rehshed by these pigeons almost above everything 
else Durmg my stay m the last-mentioned locahty, m 1750, I 
noticed that as soon as the mulberries became ripe the pigeons put 
m their appearance in great numbers Wherever a mulberry tree 
grew wild it was at this time generally full of pigeons, which devoured 
the berries They often caused me much vexation, because if I had 
located, a mulberry tree m the woods with the intention of securmg 
seeds when the hemes became iipe and it should happen that I did 
not watch out for the proper time, the pigeons had geneially, in the 
meanwhile, been so industnous in their picking that on my ai rival 
scarcely a single beny was left If some of thorn were shot the others 
generally flew away a little distance, but returned withm a few 
minutes to the same mulberry tree, so that a person who owned 
such trees found no difficulty to ohtam Jaily a sufficient quantity of 
choice meat as long as the mulberries lasted 

They consume all kmds of gram with the smgle exception of corn, 
which is left untouched by them, although it has other enemies 
I noticed that they were paiticularly fond of the following kmds of 
grain 

They ate rye, although not with paiticular avidity, but rather 
as if in the absence of something else more palatable Some persons 
assured me that they had seen with their own eyes how these pigeons, 
during summer time, when they had come to a ripe wheat field, 
alighted on the fences, vomited up the rye on which they had pre- 
viously feasted, and then swooped down upon the wheat field, wheie 
they gorged their crops with wheat, as bemg more appetoing* 



414 AKKTJAL REPORT SMITHSOIflAN IKSTITUTIOK, 1911 


Wheat IS one of their most coveted foods, which may be seen 
fioni what has already been stated, as well as from many another 
experience As soon as the wheat fields become ripe they swoop 
down on them in enormous numbers and take considerable toll 
of tliem When the wheat is stacked up in the field they also visit 
it and devoui all too much of it, if they should happen to be in the 
least hungry In the fall, when the wheat is recently sown, they 
ahght in full force m the fields and not only pick up the grains which 
are more or less in bioad dayhght but also poke up those which the 
plow has not sunk sufficiently deep In order to prevent such a 
damage boys as well as otheis are seen at this season of the year 
runnmg around armed with guns and other contraptions'^ to kJl or 
scare them away On such occasions, however, they are not m 
general particularly timid, especially the young ones, so that when 
a few of them have been shot at a stack the others oftentimes fly 
away only a short distance to anothei stack, and hence the gunner, 
albeit he has made some lucky shots, generally becomes exhausted 
befoic the bij*ds become scared In Pennsylvania ths species of 
giain, as well as the rye, commonly iipens about midsummer (old style) 
and sometimes oaiher, but faithei north it iipens later 

Buckwheat they are also very fond of, and levy considerable 
tribute on it The buckwheat matures m Pennsylvama in the 
middle of September (old style) 

The berries of the tupelo or sour-gum tree (Nyssa) they also 
consume with great avidity In Pennsylvama these ripen m Sep- 
temberr Tins tree does not grow in Canada 

Most forests m North America consist of oak, of which arboreal 
genus there are several species, of these the greater part have nearly 
every year a great number of acorns winch in the autumn fall off m 
such quantities that quite often the ground below the oaks is covered 
by them one hand high and sometimes more. These seive as food 
for several kinds of animals and birds, as, for instance, squirrels of 
several species, forest mice, wild pigeons, etc , in addition to which, 
in places inhabited by Europeans, they serve as the staple food of 
hogs during the greater part of the year During certam years the 
numberless swarms of wild pigeons already described come to Penn- 
sylvama and the other English provmces in search of these acorns 
In Pennsylvania and other localities m North America the acorns 
mature in September and the following months 

They are also very fond of beechnuts. There is a great abundance 
of beech trees in Canada, but farther south they grow somewhat more 
sparsely. In Canada the nuts become ripe m the middle of Sep- 
tember. These, together with acorns, constitute the pvn^ipal food 
of the pigeons during the entire latter part of the r^L and ihioiiglioLU 
the winter. 
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In addition to the kinds already enumerated, they also consume 
various other seeds and berries of trees and plants which grow m 
this country 

The trees above referred to, the seeds and bernes of winch the 
pigeons are so fond of, grow in the forests of Worth America nearly 
everywhere m great abundance In a good many places, especially 
farther inland, oaks, elms, beeches, and the led-flowered maple con- 
stitute almost alone, with the addition of the walnut tree, the entire 
forest tract Thus it wdl be seen how the all-wise Creator, even m 
the case of these birds, has so wisely adapted the size of the food sup- 
ply to the number of mouths to be fed 

I have also observed that the pigeons have a special fondness 
for the kind of soil which is much mixed with common salt [alka- 
hne deposits], this soil serves them as food, as a spice to blend with 
the food, or for its medical propeities, I do not know which At 
the salt sprmgs of Onondago [sic], in the tribe of the Iroquois Indians, 
where the soil is so strongly mixed with salt that the ground during 
a seveie drought becomes entirely covered with it and as white as 
frost, makmg it impossible for plants to grow, I noticed with aston- 
ishment, m the month of August, 1750, how covetous the pigeons 
were of this kmd of soil The savages m Onondago had built their 
huts on the sides of this salt field, and here they had elected sloping 
nets with a cord attachment leading to the huts where they were 
sitting; when the pigeons arrived m swarms to eat of this salty soil, 
the savages puUed the cords, mclosmg them in the net, and thus at 
once secuied the entire flock At certam times, when they came in 
such numbers that the ground could hardly be seen for them, the 
savages found it more advisable to use a gun, as by a smgle discharge 
of birdshot they could sometimes kill as many as 50 or more; and 
this proved a splendid source of food supply 

These wild pigeons fly m the same manner as other pigeons; and 
as soon as they have alighted in a tree or other place they have a 
habit of makmg a clappmg sound with their wings which, according 
to some, is a signal for all the others to ahght At tunes, and when 
they have had sufficient food, they are quite timid, especially the 
old birds* Therefore, when one wishes to shoot them it is best to 
walk to and fro among them, on the ground, as if one did not see 
them; then they are not so timid, nor do they take wing so soon 

In the vast forests of Canada they remain to the end of August 
or beginning of September (new style) ; i e , until the gram has 
been stored for the winter A great number, however, remain until 
late m the autumn, when the first snow begins to fall, which finally 
drives them all away As their food mostly consists of acorns, 
beechnuts, and the seeds and fruits of other trees which become 
hidden under the snow, they are obliged to leave these places and 
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betake themselves farther south, wheie the giound is bare all winter 
Not one of them remams m Canada throughout the winter, but they 
generally spend this season m the vast foiests of the lUinois, who 
hve at about the same latitude as Pennsylvania and Vngiiua They 
do not willingly migrate towaid the seaboard, wheie the country 
has been extensively cultivated by the Enghsh, and the forests are 
much cut down, partly because they cannot there secure a sufficient 
food supply, and paitly to avoid running the risk of getting killed 
by the number of people and gunners in that section They prefer 
the vast and dense forests m the interior of the country, where there 
are no human habitations foi many miles around But should it 
happen during a certain year that there is a faduio of the ciop of 
acorns or other food suitable for them, or an unusually severe winter 
With great snoivfall sets m, which to some extent covers the ground, 
then they aie forced to leave their usual wmter quarteis and seek 
their way to the English settlements down the seaboard It is on 
these occasions that they swarm mto Pennsylvama in such enor- 
mous numbers, but as soon as the weather changes a httle and be- 
comes milder, they again retire farther inland Here they remam 
until the last snow disappears m the spnng 

As the snow gradually melts away in the sprmg the pigeons migrate 
farther and farther north and when northern Canada is free from 
snow, which generally occurs toward the end of April or the beginning 
of May, the pigeons arrive m their old haunts and commence their 
mating, nesting, hatching of eggs, and the rearmg of their young, etc 

The Flench m Canada, who annually catch a number of young 
pigeons alive which they thereafter rear at their homes, have taken 
much pains to tame these birds, although with but httle success. 
It is very easy, when they are kept in suitable quarters, to make them 
so tame as to feed from one^s hands, in the manner of any other 
domesticated pigeon; but as soon as they are let out into the open 
hardly a few days pass before they fly away to the woods, nevermore 
to return. It was, however, emphatically asserted that some had 
succeeded m taming them to the same extent as the domesticated 
pigeons. 

As they fly m great flocks and keep close together, whether on 
the wing, on the ground, or in the trees, so poor a marksman as to 
fail to make a hit is difficult to find. Several persons told me that 
a man who lived at Schenectady, between Albany and Col Jolm- 
son^s farm, had killed 150 of these birds with two discharges of bird- 
shot, and in Canada there aie said to have been several cases where 
130 had been killed m a smgle shot. 

Their flesh is a delight to the epicure, and especially xs the meat 
of the young pigeons scarcely second in dehcacy tO that of any other 
bird. 
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The great French Admiral Marquis de la Gahssomere, who m 
deep knowledge of vaiious sciences, but especially in natural history 
and its advancement, has had or has very few equals, and who at 
the time of my arrival in Canada occupied the office of Governor 
General of that country, told me that he had once brought with him 
several of these pigeons from Canada to France, and that he had 
allowed them to escape m the French forests At this time he had - 
agam collected a gieat number of live birds which, m the fall of 1749, 
he brought with him to France, inclosed m laige cages, in order to 
set them free in the woods upon his safe arrival there, with the 
mtention of mtroducmg this handsome as weU as useful American 
bird mto Europe 

In addition to the authors referred to above, the following learned 
men have also mentioned somethmg m their wntings concermng 
these pigeons P do Charlevoix, Histoire de la Nouvelle France, 
vol 5, pp 251-252, Salmon^s Modern History, vol 3, p 440, Wil- 
liams’s Key into the Language of America, p 91. Others whose 
woiks I have not had the opportunity of seemg may also have men- 
tioned somethmg concermng this subject, but they have at least re- 
lated nothing of any particular value 

II —THE PASSENGEH PIGEON 
By John James Audubon (1831) ^ 

The passenger pigeon, or, as it is usually named m America, the 
wild pigeon, moves with extreme rapidity, propeUmg itself by quickly 
repeated flaps of the wings, which it brmgs more or less near to the 
body, accorchng to the degree of velocity which is required Like the 
domestic pigeon, it often flies, durmg the love season, m a circhng 
manner, supportmg itself with both wings angularly elevated, in which 
position it keeps them until it is about to ahght Now and then, 
during these circular flights, the tips of the primary quiUs of each 
wing are made to strike agamst each other, producmg a smart rap, 
which may be heard at a distance of 30 or 40 yards. Before alighting, 
the wild pigeon, like the Carolma parrot and a few other species of 
birds, breaks the force of its flight by repeated flappmgs, as if appre- 
hensive of receiving injury from coming too suddenly mto contact 
with the branch or the spot of ground on which it mtends to settle 

I have commenced my description of this species with the above 
account of its flight, because the most important facts connected with 
its habits relate to its migrations These are entirely owmg to the 
necessity of procurmg food, and arr -i 

escapmg the seventy of a northern , ■ I , * t < eekmg a southern 

J Omlthologioal Biography, vol 1, 1831, pp 319-327 
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one for tlie purpose of breeding They consequently do not take 
place at any fixed period or season of the year. Indeed, it sometimes 
happens that a continuance of a suflBcient supply of food in one dis- 
trict wdl keep these birds absent from another for years I know, at 
least, to a certamty that in Kentucky they remained for seveial yeais 
constantly, and were nowhere else to be found They all suddenly 
disappeared one season when the mast was exhausted, and did not 
return for a long period Similar facts have been obseived in other 
States 

Their great powei of fl-ight enables them to survey and pass over an 
astonishmg extent of country in a very short time Tins is pioved by 
facts well lcno"wn in America Thus, pigeons have been killed m the 
neighborhood of New York, wnth their crops fiiU ol rice, which they 
must have collected m the fields of Georgia and Carolina, these dis- 
tnets being the nearest in which they could possibly have procured 
a supply of that kind of food As their power of digestion is so great 
that they will decompose food entirely in 12 hours, they must in this 
case have traveled between 300 and 400 miles in 6 hours, which shows 
their speed to be at an average about 1 mile in a minute A velocity 
such as this would enable one of these buds, were it so mclined, to 
Visit the European Contment m less than three days 

This great power of flight is seconded by as great a power of vision, 
which enables them, as they travel at that svoft rate, to inspect the 
country below, discover their food with facihty, and thus attain the 
object for which their journey lias been undertaken This I have also 
proved to be the case, by having observed them, when passmg over a 
sterile part of the country, or one scantily furnished with food suited 
to them, keep high in the air, flying with an extended front, so as to 
enable them to survey hundreds of acres at once On the contrary, 
when the land is richly covered with food, or the trees abundantly 
hung with mast, they fly low, m order to discover the part most 
plentifully supplied. 

Their body is of on elongated oval form, steeied by a long well- 
plumed tad, and propelled by well-set wings, the muscles of which 
are very large and powerful for the size of the bird When an indi- 
vidual IS seen gliding through the woods and close to the observer, it 
passes like a thought, and on trying to see it again, the eye searches in 
vain; the bird is gone. 

The multitudes of wild pigeons in our woods are astonishmg. In- 
deed, after having viewed them so often, and under so many cir- 
cumstances, I even now feel inclined to pause and assure myself that 
what I am going to relate is fact. Yet I have seen it all, and that 
too, in the company of persons who, like myself, were struck with 
amazement. 



THE PASSEISTGEB PIGEON KALM AND AUDUBON 


419 


In the autumn of 1813, 1 left my house at Henderson, on the banks 
of the Ohio, on my way to Louisville In passing over the Banens, a 
few mdes beyond Harchnsburg, I observed the pigeons flymg from 
northeast to southwest in greater numbers than I thought I had ever 
seen them before, and feelmg an inclmation to count the flocks that 
might pass wuthin the icach of my eye in one hour, I dismounted, 
seated myself on an emmence, and began to mark with my pencil, 
malang a dot foi eveiy flock that passed In a short time finding the 
task which I had undertaken impiacticable, as the buds poured m m 
countless multitudes, I rose, and counting the dots then put down, 
found that 163 had been made in 21 minutes I traveled on, and still 
met more the faither I proceeded The air w^as literally filled with 
pigeons, the light of noonday was obscured as by an eclipse, the dung 
fell m spots, not unlike melting flakes of snow, and the contmued buzz 
of 'svmgs had a tendency to lull my senses to repose 

Whilst waiting for chnner at Young^s mn, at the confluence of Salt- 
River with the Ohio, I saw, at my leisure, mimense legions still gomg 
by with a fiont reaching far beyond the Ohio on the west, and the 
beeohwood forests directly on the east of me Not a smgle bird 
ahghted, for not a nut or acorn was that year to be seen in the neigh- 
borhood They consequently flew so high, that different tnals to reach 
them with a capital rifle proved ineffectual, nor did the reports dis- 
turb them in the least I can not describe to you the extreme beauty 
of their aerial evolutions, when a hawk chanced to press upon the rear 
of a flock At once, like a torrent, and with a noise hke thunder, they 
rushed into a compact mass, pressmg upon each othei toward the 
centei In these almost solid masses, they darted forward in undula- 
tmg and angular linos, descended and swept close over the eaith with 
inconceivable velocity, mounted peipendiculaily so as to resemble a 
vast column, and, when high, were seen wheelmg and twistmg withm 
their contmued hnes, which then resembled the coils of a gigantic 
serpent 

Before sunset I reached LouisviUe, distant from Hardmsburg 55 
miles. The pigeons were still passmg in undimimshed numbers, and 
continued to do so for three days m succession. The people were all m 
arms. The banks of the Ohio were crowded with men and boys, inces- 
santly shootmg at the pilgrims, which there flew lower as they passed 
the river Multitudes weie thus destroyed* For a week or more, the 
population fed on no other flesh than that of pigeons, and talked of 
nothing but pigeons. The atmosphere, during this time, was strongly 
imprcgnatorl vith <hc ]j^cnliar odor which emanates from the species* 
I : c‘xt ( 01 1 ol\ u‘ . 01 1 - uug to see flock after flock performing exactly 
the same evolutions which had been traced, as it were, in the air by a 
precedmg flock, Thus, should a hawk have charged on a group at a 
certam spot, the angles, curves, and undulations that have been 
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described by tbe birdS; m tbeir efforts to escape from the dreaded 
talons of tbe plunderer, are undeviatingly followed by the next group 
that comes up Should the bystander happen to witness one of 
these affrays, and, stiiick with the rapidity and elegance of the 
motions exhibited, feel desirous of seemg them lepeated, his wishes 
wdl be gratified if he only remam in the place until the next group 
comes up 

It may not, perhaps, be out of place to attempt an estimate of the 
number of pigeons contamed m one of those mighty flocks, and of 
the quantity of food daily consumed by its members. The inquny 
will tend to show the astonishing bounty of the gieat Author of 
Nature in proyiding for the wants of His creatures Let us take a 
column of 1 mile in breadth, winch is far below the average size, and 
suppose it passing over us without interruption for three hours, at 
the laio mentioned above of 1 mile in the minute This will give 
Ub a parallelogram of 180 miles by 1, covermg 180 square miles. 
iUlowmg 2 pigeons to the square yard, we have 1,115,136,000 pigeons 
m one flock As every pigeon daily consumes fully half a pint of 
food, the quantity necessaiy foi supplying this vast multitude must 
be 8,712,000 bushels pei day 

As soon as the pigeons discover a sufEciencj- of food to entice 
them to alight, they fly lound in cncles, reviewing the country 
below. During their evolutions, on such occasions, the dense mass 
wliich they form exhibits a beautiful appearance, as it changes its 
direction, now displaying a ghstening sheet of azure, when the backs 
of the buds come simultaneously into view, and anon, suddenly pre- 
sentmg a mass of rich deep purple They then pass lower, over the 
woods, and for a moment are lost among the foliage, but agam 
emerge, and are seen ghding aloft. They now ahght,-but the next 
moment, as if suddenly alarmed, they take to iving, produemg by the 
flappmgs of their mngs a noise like the roar of distant thunder, and 
sweep through the forests to see if danger is near Hunger, however, 
soon brings them to the ground. When alighted, they are seen indus- 
♦ triously thiowuiig up the withered leaves m quest of the fallen mast 
The rear ranks are contmually rismg, passing over the mam body, 
and alighting in front, in such rapid succession, that the whole flock 
seems still on the vnng The quantity of ground thus swept is astomsh- 
ing, and so completely has it been cleared, that the gleaner who 
might follow in their rear would find his labor completely lost 
Whilst feeding, their avidity is at times so great that m attempting 
to swallow a large acorn or nut they are seen gasping for a long 
while, as if in the agonies of suffocation. 

On such occasions, when the woods are filled with these pigeons, 
they are killed in immense numbers, •* . , ‘parent diminu- 

tion ensues. About the middle of the di \ * i i ..*11 past is finished, 
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thej settle on the trees, to enjoy rest, and digest their food On the 
gx'oiind they walk with ease, as well as on the branches, frequently 
jerking their beautiful tail, and moving the neck backward and for- 
ward m the most graceful manner As the sun begins to sink 
beneath the horizon, they depart en masse for the roosting place, 
which not unfreqiiently is hundreds of miles distant, as has been 
ascertamed by persons who have kept an account of their anivals 
and departures 

Let us now, kind reader, inspect their place of nightly rendezvous 
One of these curious loostmg places, on the banks of the Green Eiver 
in Kentucky, I repeatedly visited It was, as is always the case, in 
a portion of the forest where the trees were of great magmtude, and 
where there was little underwood I rode through it upward of 40 
miles, and, crossmg it m different parts, found its average breadth 
to be rather more than 3 miles My first view of it was about a fort- 
night subsequent to the period when they had made choice of it, 
and I arrived there nearly two hours before sunset Few pigeons 
were then to be seen, but a great number of persons, with horses and 
wagons, guns and ammumtion, had already established encamp- 
ments on the borders. Two farmers from the vicimty of Russell- 
ville, distant more than 100 miles, had driven upward of 300 hogs 
to be fattened on the pigeons which were to be slaughtered. Here 
and there, the people employed in pluckmg and saltmg what had 
already been procured, were seen sittmg m the midst of large piles of 
these birds. The dung lay several mches deep, covermg the whole 
extent of the roostnfg place, hke a bed of snow Many trees 2 feet 
in diameter, I observed, were broken off at no great distance from 
the ground, and the branches of many of the largest and tallest had 
given way, as if the forest had been swept by a tornado. Everything 
proved to me that the number of birds resortmg to this part of the 
forest must be immense beyond conception. As the period of their 
aiTival approached, their foes anxiously prepared to receive them. 
Some veie furnished with iron pots contammg sulphur, others with 
torches of pine knots, many with poles, and the rest with guns The 
sun was lost to our view, yet not a pigeon had arrived. Everything 
was ready, and all eyes were gazmg on the clear sky, which appeared 
m glimpses amidst the tall trees Suddenly there burst forth a gen- 
eral cry of ^^Here they corner^ The noise which they made, though 
yet distant, reminded me of a hard gale at sea passmg through the 
riggmg of a close-reefed vessel. As the birds amved, and passed 
over me, I felt a current of air that surprised me. Thousands were 
soon knocked down by the pole men. The birds continued to pour 
in. The fires were lighted, and a magnificent, as well as wonderful 
and almost terrifymg sight presented itself. The }-/gco7^s, arrhiug 
by thousands, ahghted everywhere, one above anoih.oi^ umil sohd 
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masses as lai’ge as hogsheads, were foimed on the branches all round. 
Here and there the peiches gave way under the weight ^vlth a crash, 
and falling to the ground, destroyed hundi'eds of the birds beneath, 
forcing dorni the dense groups vnih. which oveiy stick was loaded 
It was a scene of uproar and confusion I found it quite useless to 
speak, or even to shout to those persons who were nearest to me. 
Even the reports of the guns were seldom heaid, and I was made 
aware of the fixmg only by seemg the shooters reloading 

No one dared venture withm the Ime of devastation The hogs 
had been penned up in due time, the pickmg up of the dead and 
wounded being left for the next morning’s employment The pigeons 
were constantly commg, and it was past midnight before I perceived 
a decrease in the number of those that arrived The uproar con- 
tmued the whole mght, and as I was anxious to know to what distance 
the sound reached, I sent off a man accustomed to perambulate the 
forest, who, returning two hours afteiwards, informed me he had 
heard it distinctly when 3 rmles from the spot Toward the approach 
of day, the noise m some measure subsided; long before objects were 
distinguishable, the pigeons began to move off m a direction quite 
different from that in wluch they had aiiived the evening before, and 
at sunrise all that were able to fly had disappeared The bowlings of 
the wolves now reached oui ears, and the foxes, lynxes, cougars, 
bears, raccoons, opossums and polecats were seen sneaking off, whilst 
eagles and hawks of different species, accompanied by a crowd of 
vultures, came to supplant them, and enjoy their share of the spoil. 

It was then that the authors of all this devastation began their 
entry amongst the dead, the dymg, and the mangled The pigeons 
were picked up and piled in heaps, until each had as many as he could 
possibly dispose of, when the hogs weie let loose to feed on the re- 
mamder. 

Pereons unacquainted with these birds might naturally conclude 
that such dieadful havoc would soon put an end to the species. 
But I have satisfied myself, by long observation, that nothmg but the 
gradual dimmution of our forests can accomplish them decrease, as 
they not unfiequently quadruple their numbers yearly, and always 
at least double it In 1805 I saw schooners loaded m bulk with pi- 
geons caught up the Hudson River, commg into the wharf atNew York, 
when the birds sold for a cent a piece, I knew a man m Pennsylvania 
who caught and killed upward of 500 dozens m a clapnet m one day, 
sweeping sometimes 20 dozens or more at a smgle haul In the 
month of Maicli, 1830, they were so abundant in the markets of New 
York, that piles of them met the eye in every dnection I have seen 
the negroes at the United States salmes, or salt works of Shawncotown, 
wearied with killing pigeons, as they alighted to drink the water 
issuing from the leading pipes, for weeks at a time; and yet, in 1826; 
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m Louisiana, I saw congiegateJ flocks of these birds as numerous as 
evei I had seen them before, duimg a residence of neaily 30 yeai’s m 
the Umted States 

The bleeding of the wild pigeons, and the places chosen foi that pui- 
pose aie points of gieat mteiest The time is not much influenced by 
season, and the place selected is wheie food is most plentiful and 
most attamable, and always at a convement distance fiom watei 
Foiest trees of great height aie those m which the pigeons foim their 
nests Thither the countless myriads resort, and prepare to fulfill 
one of the great laws of nature At this penod the note of the 
pigeon IS a soft coo-coo-coo-coo, much shorter than that of the 
domestic species The common notes lesemble the monosyllables 
kee-kee-kee-kee, the fimt bemg the loudest, the others gradually 
dimmishing in powei The male assumes a pompous demeanor, and 
follows the female whether on the ground or on the branches, with 
spread tail and dioopmg wmgs, which it rubs agamst the part over 
which it IS moving The body is elevated, the throat swells, the eyes 
sparkle He continues his notes and now and then rises on the wmg, 
and flies a few yards to approach the fugitive and timorous female 
Like the domestic pigeon and other species, they caress each other by 
bilhng, m which action, the bill of the one is introduced transversely 
mto that of the other, and both parties alternately disgorge the 
contents of their crop by repeated efforts These preliminary affairs 
are soon settled, and the pigeons commence their nests m general 
peace and harmony They are composed of a few dry twigs, crossmg 
each othei, and are supported by forks of the bianches On the same 
tiee fiom 50 to 100 nests frequently be seen I might say a much 
greater number weie I not anxious, kind leader, that however won- 
derful my account of the wild pigeon is, you may not feel disposed to 
refer it to the marvelous The eggs are two ^ in number, of a broadly 
elhptical form, and pure white During mcubation, the male supplies 
the female with food Indeed, the tenderness and affection dis- 
played by these birds toward their mates, are in the highest degree 
striking It IS a remarkable fact, that each brood generally consists 
of a male and a female 

Here, agam, the tyrant of the creation, man, interferes, disturbing 
the haimony of this peaceful scene As the younger birds glow up, 
their enemies, armed with axes, reach the spot, to seize and destroy 
aU they can The trees are felled, and made to fall in such a way that 
the outtmg of one causes the overthrow of another, or shakes the 
noighbormg tiees so much, that the young pigeons, or squabs, as they 
are named, aie violently hurled to the ground* In this manner also, 
immense quantities are destroyed 

The young are fed by the parents in the manner described above; 
in other words, the old bird introduces its bill into the mouth of the 


1 Later oliservers report that in fully half the neats only one egg was depoaited —Ed 
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young one in a transverse mannex, oi with the back of each mandible 
opposite the separations of the mandibles of the young bird, and 
disgoiges the contents of its ciop As soon as the young buds are 
able to sliift for themselves, they leave then parents and contmue 
scpaiate until they attain matuiity By the end of six months they 
are capable of repioducmg their species 
The flesh of the wild pigeon is of a dark color, but affords tolerable 
eating, That of young buds fiom the nest is much esteemed The 
skm is covered with small white, filmy scales The feathers fall off at 
the least touch, as has been remarked to be the case in the Carolma 
turtle ^ I have only to add that this species, like others of the same 
genus, immeises its head up to the eyes while drinkmg 
In March, 1830, 1 bought about 350 of these birds m the market of 
New York at 4 cents a piece Most of these I carried ahve to England, 
and distributed amongst several noblemen, presentmg some at tbe 
same time to the zoological society 
Adult male Bill straight, of ordinary length, rather slender^ 
broader than deep at the base, with a tumid fleshy coveimg above, 
compressed toward the end, rathei obtuse, upper mandible shgbtlj 
declinate at the tip, edges inflected Head small, neck slendei, body 
rather full Legs short and stiong; tarsus rather rounded, anteriorly 
scutellata, toes shghtly webbed at the base, claws short, depressed, 
obtuse. 

Plumage blended on the neck and under parts, compact on the back 
Wings long, the second quili longest. Tail graduated, of 12 tapering 
feathers 

Bill black Iris bright red Feet carmine purple, claws blackish 
Head above and on the sides hght blue Thioat, fore neck, breast, 
and sides light brownish-red, the rest of the under parts white Lower 
part of the neck behind, and along the sides, changing to gold, emeiald 
green, and lich crimson The general color of the upper parts is 
giayish blue, some of the wing coverts marked with a black spot. 
Quills and largei wmg coverts blackish, the primary quflls bluish on 
the outer web, the larger coverts whitisix at the tip The two middle 
featheis of the tail black, the rest pale blue at the base, becoming 
white toward the end 

Length 16^ inches; extent of wings 25, bill along the ridge 
along the gap tarsus IJ, middle toe li 
•Lhe colors of the fenaale are much duller than those of the male, 
although then* distribution the same The breast is light grayish- 
bromx, the upper parts pale reddish-brown, tmged with blue The 
changeable spot on the neck is of less extent, and the eye of a somewhat 
duller red, as are the feet, 

liOngth 15 inches; extent of wings 23, bill along the ridge } 
along the gap ^ ^ ? 


I called th&motiriiiiig dove —Ed 
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By A Mallock, F R S 


Considerable inteiest attaches to the origin of certain forms of 
brilhant coloimg which are of frequent occurrence m the animal 
world, though hardly represented among plants ^ The colois m 
question are those which are no^ due to ordmary pigment, and 
which change with the angle of incidence of the light The most 
briUiant examples are to be found amongst birds and msects Fishes, 
and a few reptiles, exhibit colors of the same land, but not so con- 
spicuously, 

Durmg the last 10 or 12 years I have examined some, hundreds 
of cases of this sort of color production, and quite recently Michelson ^ 
has published mvestigations on the same subject, and refers to a 
somewhat similar papei by Walter, Oberflachen und SchiUerfarben,” 
dated 1895, of the existence of which I was not before aware 

The conclusions of these authors are that the colors in question are, 
in most cases, due to selective reflection fiom an intensely opacpie 
material, and, in some few, to diffraction fiom a finely striated 
surface Their reasons for adoptmg the hypothesis of selective 
reflection rather than mterference are the close similarities as regards 
the reflection of polarized light found between the natural indescent 
colors and dry films of aniline dyes 

In the present note I give some reasons for the behef that in the 
majority of cases interference of some sort is the active cause, 
although m others the possibihty of selective reflection is not 
excluded. The question really turns on the size of the ‘‘gram’^ 
of the color-producmg structure Is it comparable with the wave 
length of hght or of molecular dimensions ? 

If the colors are due to mterference, the first supposition must he 
true; but if selective reflection is the agent, a comparatively small 

1 Kepiinted hr p°niiis>Io-a from 3?roce2dlngs of TLc Ilo\ at Society, London, Series A, vol 65, Xo, A 
Xov 30, loll, pp 598-ti05 (Rccowod hf Lhe society "''pt 12, read Nov 2, 1911 ) 

3 Some Lycopodiums e\liibir rraers of iridescent color 
9 "AreLalhc colonnq in Inrds and Insects," Puil nag , Vpnl, 1011 
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gioup of molecules may cause selective reflection It seems clear 
that this propel ty can not belong to individual molecules^ at any 
late in the case of the amlme dyes, for then* solutions absoib impar- 
tially all the colois which are not transmitted, and it is only m the 
solid state that their peculiarities asiegards reflected light become 
apparent, at the same time theie is no change in the light transmitted 
whether the dye is in solution or a dry film 

Before entering in detail into the leasons which seem to pomt to 
mterferenee lather than selective reflection as the origm of iridescent 
colois, some general lemarks may be made on the character of the 
structures examined 

These stiuctures have been either feathers of birds or the scales 
of insects There are few orders of birds in which examples of 
indescent colormg can not be found, but without doubt the humming 
birds are the most brilliant, although peacocks, trogons, and many 
others are not very far inferior In the insect world the finest 
examples are to be found amongst butterflies and the day-flymg 
moths of the genus Uiama Some beetles also are provided with 
vividly colored scales These belong mostty to the weevils (which 
include the Brazilian diamond beetle) 

Many other insects among the Diptera, Neuropteia, and liymenop- 
tera show bnlUant metallic colors on their integuments, but these 
are not provided with scales, and in many cases the color fades 
more or less when the specimens become dry These I have not 
examined. Feathers and scales, however, are remarkable for the 
permanence of their iridescent coloring, and it is to these only that 
the present observations apply 

Some of the peculiarities of the structures as regards change of 
color with the point of view depend on the shape of the surface 
on which the color-producmg mateiial lies If the surfaces are 
flat or neaily flat, leflection takes place as from a lookmg glass, 
and the angle through which the specimen can be turned while 
still shomng the characteiistic color is small Often, however, 
the surfaces aie convex bosses or ridges, and then the angle of mci- 
dence and reflection is that contained between the direction of the 
mcident hght and the noimal to the tangent plane at the point 
where reflection takes place, and is theiefore to a great exteUt mde- 
pendent of the position in which the specimen is held, since there will 
always, within wide limits, be tangent planes to the convex surfaces 
which reflect the incident light in the hne of sight. In these cases 
the colors might at first sight be taken as due to pigment, both on 
account of their comparatively low intensity and from the small 
change in tint and mtensity which is produced by altering the inclina- 
tion of the general surface to the direction of the illumination. The 
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low intensity is of couise due to the small ate a of each convex surface 
which reflects light m any given diiection 

In attemptmg to investigate the origin of the colois man^r methods 
were employed, the fiist and most obvious being to cut thin sections 
normal to the coloi-producing suiface and then to examine them 
with the highest imcioscopic power available If the colors are 
analogous to those of thin plates, it is clear from the high intensity 
of the reflected light that more than one pair of surfaces must cooper- 
ate m the reflection In general the leflected hght is not even 
approximately monochiomatic, and this lact limits the mmiber 
of sui’faces which can be supposed to act, but if the surface^ are 
supposed to be separated by air and placed at the most favorable 
intervals them number need not exceed three or four to account 
for the observed intensity and tints 

The most favorable spacing for the successive layers is* that their 
thickness and the intervals between them should be a multiple of the 
hah wave-length of the mean ray, reckoned in the length of the waves 
withm the material of the layer, and it was thought possible that the 
thm sections might show a laminated structure 

For the material of feathers and insects^ scales, /x is somewhere 
about 1*5 or 1 6, so that the least thickness for the plates of refractive 
material would be of the order of one one-hundi’ed-and-fifty-thou- 
sandth and the air mtei vals one oiie-hundicd-thousandth of an inch — 
both beyond the resolving powei of the microscope, but from the 
composition of the leflected light it seemed hkely that the intervals 
might be two or three half wave-lengths, which would be leadily seen 
as far as adequate separation of the images is concerned In nearly 
all the sections examined bands of this older of thicloiess appeared 
with some forms of illummation, but it was impossible to be sure that 
they were not due to diffi action effects from pai ts of the section shghtly 
out of focus. 

There are many difffculties in preparmg sections thin enough for the 
advantageous use of objectives with large angular aperture Wlien a 
section IS to show a stratified structure its thickness should certainly 
not be greater than the distance between the successive strata^ and 
may with advantage be much less. It was not difficult to cut sections 
about one twenty-thousandth of an inch thick, but this is three or 
four times too thick to show with certainty stratification whose pitch 
is one sixty-thousandth or less* 

Occasionally, by accident, thinner sections (perhaps one forty- 
thousandth) would be cut, and these showed apparent stiatification 
most plainly, but m no case was the image free from the effect caused 
by some part of the thickness of the section bemg out of focus, and, in 
afl probabihty, what appeared to be stratification was m reahty a senes 
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of diffraction bands Insufficient thinness, however, is by no means 
the only obstacle to lesolving the gram m the struct uie 

Thin sections are in general veiy tiansparent, and the only source 
of vaiiation of uitensity in the image formed by the nncroscope de- 
pends on the varying amount of retardation affecting the waves which 
traverse their different parts, that is (since the section is of uniform 
thickness) on differences of refractive index, but, in order to view such 
sections at all, it is necessary to mount them m some refractive 
medium, and this greatly i educes the chance of detecting a fine- 
grained structure 

I have tried washing out the bedding material and exammmg the 
sections when dry, but, although great care was taken m keepmg the 
cutting edge of the loufe smooth and sharp, strise always appeared m 
the direction of the cut, which quite obscured the real structure The 
fact is, tlutt there are a very few objects on which the highest micro- 
scopic powei's can be used with advantage. Even the test diatom, 
A. pelluddaj winch, of course, has to be mounted dry, or m a medium 
whose refi active index greatly exceeds that of sihca, is too thick to 
give a satisfactory image, and small solids, whose dimensions are less 
than a wave length, give images wlucli are not their enlaiged geo- 
metrical outhnes, but phenomena depending on the wave length 
Although the microscope, m my hands, at any rate, has failed to give 
direct evidence of a periodic structure, other tests pomt strongly to 
^'mterference^^ as the origin of the colors 
In some cases the color-producmg film is backed by an extremely 
opaque layer, and m others the whole of the structure is transparent, 
and transmits the complementary color with nearly the same intensity 
as the color reflected Even where there is an opaque backing, this is 
often llun enough to allow of exammation by strong transmitted 
hght, and the prevailing color is a brown, tinged with the unabsorbed 
complementary to the color leflected These opaque backings are 
present m mos£ feathers and m some msect scales, but m the majonty 
of cases the scales of msects are transparent 
Both theory and observation show that, when the reflected color 
depends on mterfeience the tmt will change toward the blue as the 
angle of mcidence increases, so that reds become yellows, yellows 
change to greens, and greens to blues, and also that if the color- 
producing structure is immersed in a refractive fluid instead of air the 
reflected color will change toward red and have its intensity reduced 
Two causes ejve operative in produemg this change* In the first place, 
if the color-producing film is protected from the fluid by an imperme- 
able outer layer with which it is m optical contact the only effect of 
the fluid is to dimmish the angle of incidence of a ray of given 
obliquity in air, so that the color reflected is that due to the smaller 
angle of incidence. Secondly, if the fluid penetrates the layers in 
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which inteiference takes place, the interval between the layei’s, now 
reckoned in wave lengths in the refractive fluid, is increased, and 
therefore also the wave length which is lefiected for a given angle of 
incidence At the same time the intensity of the reflected hght is 
greatly reduced, and if the fluid has the same refractive index as 
the stiuctuie itself, reflection ceases and nearly wlnte hght is trans- 
mitted ^ 

Observation of reflection from films of anihne dyes, etc , shows 
that the color changes in the same direction — that is, towaid the 
blue — as the angle of incidence increases, but as regards the character 
of the change v/hen the film is covered by a refi active fluid there is a 
great difference 

In some cases (methylene green, for instance) for one particular 
angle of incidence the color leflected in air is unchanged when the 
film IS covered with cedai oil, for smaller angles of mcidence the 
reflected hght is of shortei average wave length, and for greater 
angles longer than that of the color in air 

For this paiticulai dye the color reflected in air is a very red-purple 
at small angles of incidence, changmg to blmsh-green when the 
angle is large 

Under cedar oil the colors are respectively greenish-yellow and an 
orange-yeUow The transmitted color, however, does not change 
perceptibly either with the angle of incidence oi with the medium 
in which leflection takes place, and this apphes, as far as my obser- 
vation goes, to all substances which give selective metalhc reflection 

The transparency, or at any rate the vanishing of the character- 
istic tiansmitted color in the case of all animal tissues when immersed 
and permeated by a fluid of the same refractive index, is strongly in 
favor of interference bemg the source of the color, but even stronger 
evidence is given by the behavior of the structure under mechamcal 
pressure 

If the grain or pecuhanties which favor the reflection or transmission 
of particular colors is of molecular size, there is no reason to suppose 
that pressure insufficient to cause moleculai disruption would dter 
the action of the material on light. On the other hand, if the colors 
are due to interference — that is, to cavities or strata of different 
optical properties — compression would alter the spacing of these, and 
thus give rise either to different colors or, with more than a veiy 
slight compression,, to the transmission and reflection of white light. 

In every experiment of this kind which I have made either on 
feathers or insect scales the effect of pressure has been to destroy 
the color altogether 


1 The dispersion of tlie fluid, as well bs tho refractive index, must "be the same as that of the straotuxe 
if the tiansmitted hght is vhite 
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*\VTaere the scales aie transparent, white light is transmitted, but 
with feathers, wheie the color film is generally backed by dark pig- 
ment, the pigment color appears untmged with the complementary 
to the color natuially leflccted 

With many feathers the color leturns when the pressure is taken 
off, but with insect scales the structure seems to be permanently 
injured by compiession, and though when allowed to expand again 
the mateiial is not coloiless the brilliancy which belonged to the 
uninjured scale is gone, and the color in general changed 
The facts above mentioned seem to offer stronger z’easons in favor 
of inteiference than the polarization phenomena referred to by 
Miclielson and Walter ^ do against it 
The ellipticity, etc , found in the reflected beams may, although 
functions of the wave length, accompany the ‘production of color 
without being necessary to it — that is, they may depend on the 
molecular, while the colors depend on the mechanical structure 
All Lepidopterous scales, whether colored by pigment or givmg 
metallic reflection, are traversed by a series of fine lines or dots 
arranged in lines and veiy evenly spaced, and the universality of 
these lines on all such scales, whether with or without color, is a 
good leason for not regarding diffraction as an explanation of the 
metallic colors. 

In many insects these Imes aie as close as 36,000 to 40,000 per inch, 
and when light is transnut ted thiough a single scale or a few scales 
placed side by side very fine diffraction spectra aie formed, but no 
corresponding effect is seen by reflection, what effect there may be 
being masked by the other form of color production 
The beetle scakb which I have examined were, as a rule, without 
linear markings, and where lines existed they were not very regular 
The surface was always mapped out mto unequal polygonal areas, 
and cross sections (pL 2, figs 5a, 5b) showed that the scale consisted of 
a flattened sac of tianspaient material contauung a cellulai structure 
111 winch the coloi ongmated 

When an unbiokcn scale is immersed m cedar oil, the outer walls 
prevent the fluid reaching the coloi -producing layer and but little 
change lesults either m the reflected or transmitted hght, but when 
the scale is broken or has a piece cut off the oil penetrates the interior 
and all trace of color disappeai's 

Occasionally when a viscous fluid is employed the penetration 
IS not complete and the character of the cellular layer is then indi- 
cated by the parts which still show color 
Figures 1 to 4, plates 1, 2, illustrate this. Figure 1 is an unbroken 
scale of Enitmus iinpenalis showing the polygonal areas. Figure 2 


1 Polarized li^t should bo used for this observatioii. 
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shows the same scale partly peaetrated by a solution of celluloid 
m amyl acetate; figuie 3, ditto (in. which the penotiatioii is not so 
complete) moie highly magnified, figmo 4, tin eoscalesconipletely pone- 
liated and quite coloiless Figures 5a and 5b are cioss sections of the 
scale (thicloiebs of section about one twenty-thousandth of an mch) 

Featheis aie impermeable to most fluids, but when acted on by 
acid (mtric, acetic, or hydrochloiic) they change color toward the 
red, after washing and diymg, howevei, they legam their onginal 
tint 

The subjects from which the above notes have been made include 
among birds vaiious species of hummingbirds, peacocks and pheas- 
ants, sunbirds, tiogons, and others, among Lcpidoptora, the genera 
Euplcea, Morpho, Calligo, Argynms (in wluch silver markings aie 
common), Vanessa, Callicoic, Lyesena, Theda, Papiho, Ormthoptera, 
some of the Hesperidie and moths of the genus Urama The only 
beetles examined weie Enhmus ‘impenahs and two species of Cyphus 

To the physicist who is also a naturalist the great variety in the 
character of the surfaces on which these metallic colors are devel- 
oped, as well as the beauty and biilhancy of the colors themselves, 
offers matter of exceptional mterest, but it would occupj^ too much 
space to enter here into a detailed description of even the typical 
forms 

A rather curious fact, however, may be mentioned with legard 
to the scales of Lepidopteia Nearly all such scales when black or 
colored by pigment have the fiee end deeply scalloped and presenting 
what may be called an ornamental outline, but the scales which show 
metaihe reflections aie invaiiably (as far as my observation goes) 
nieiely lounded off or have veiy slight indentations Figures 6 and 
7, plate 3 (which aie respectively colored and black scales from Orn%- 
thoptera Poseidon)^ illustrate the diffeience 

Although all the colors referred to m these notes are probably the 
result of interference, the ways in which the interference occurs may 
be very vanous Feathers by their behavior suggest an action 
analogous to that of a Lippmann film, hut it is difficult to imagine 
matter optically dense enough to behave as the silver pai tides m the 
film being produced in an organic structure In most of the scales 
it seems that the mterfenng rays are reflected from the surfaces of 
very thin flat cells, but it is possible that in some cases the effect 
may be due to reflection from a smgle dimpled surface The colored 
central images sometimes given by diffraction gratings are exam- 
ples of this sort of mterference, hut m order that the colors so formed 
should be as brilliant as possible the depressions or dimples should 
be closely but inegularly distributed over the suiface (if regu- 
lar much of the hght goes in lateral spectra), but of uniform depth 
and section, I have succeeded m makmg colored nngs of some 



432 AKNUAl. KEPOBT SMITHSOKIAK INBTirUTIOH, 1911* 


brilliancy by holding a piece of glass over the smoke of an aic formed 
between metal electrodes, iron, mckel, silvei, and copper bemg used 
In the most successful tnals the rings were brighter than the colors 
of soap films, and, as might be expected, the intensity of the color 
increased with the angle of incidence, but the nngs did not show 
with normal leflection nor until the mcidence exceeded 30°. 

In the spectroscopic examination of the color, it was found conven- 
ient to focus the much enlarged image of the surface on the slit of 
the spectroscope By this means, and usmg the sun oi an arc lamp, 
there was sufficient light to show the spectrum fiom a small part 
of a single scale 

When Guttmg thin sections of chitin or feathers, it is important 
that the embedding material should be of the same consistence and 
hardness as the object to be cut For this purpose shellac gave 
the best results. The hardness could be regulated by the time 
allowed for drying. 

The compression tests were earned out by placing the specimens 
on a shde under a convex lens of about a foot radius The objects 
compressed weie generally thm enough to allow of the Newton 
rings of the higher orders bemg recogmzed between the lens and 
slide before any compression occurred, and by centering the object 
in these the pressure could be applied m the nght place 

Since WTiting the above I have exammed the colors of some of 
the iridescent Diptera (chiefly of the genus Lueflia), using the pres- 
sure apparatus It was found that with them, as with the scales 
and feathers, the color disappeared under compression, mul it 
probable, ihcrcfoie, that interference of one kind or luioihci i-- ilio 
true cause of natural iridescent color in all cases It may bo romaikcd 
that the intensity and composition of the light reflect'd liom the 
mtegumeat of the flies is such as would be accounted foi by the 
interference of a single film or pair of surfaces 

DESCRIPTION OP PLATES 

1 — Scale of Entimus impennlis X 490 

2 —The same partly permeated with celluloid solution X 490 

3,— The same X 1750 

1 — Three scales of s ime ctjmpletcl y permeated X 490. 

5 — Cro-’s section or scale X 1730 

0 — Inde-Gcnt bcale of 0; nifhopU ra Poseidon X 1170 

7 — Black bcale of fcame X 1170 




ON THE POSITIONS ASSUMED BY BIRDS IN PLIGHT ^ 


[With 8 plates ] 


By Bentley Beetham, F i5 S* 


I — STARTING 

The flight of birds must ever remain a souicc of mteiest and 
inspiration to man, for should he eyentually mastei aerial as sue-* 
cessfuUy as he has terrestrial locomotion, birds -would, by reason 
of their mherent sensibility to gauge the varying aiicurrents, still 
remain vastly his superior in the art, if not in actual pace at least 
in the finer manipulations 

But whether we regard flight from the standpoint of the ornitholo-' 
gist or the aviator, the actions of these naturally equipped per- 
formers can not be too closely legarded 

Tho great difficulty met with m studymg the flight of birds is the 
indefinite and almost incxpiessible natuie of much of ourobseiv^tv 
tion \Ye see a hud make a sudden turn or falter m its course; a 
little thmg, yet even if we could analyze its actions, which is improb- 
able, it would take a page or two of writmg befoie we could be sure 
that another would understand the positions and actions as we saw 
them In our present lack of mtimacy with the subject woids are 
quite ineflS.cient, and we must largely lely on pictures, photographs 
by preference, wherewith to record our obseivations 
The slower and individual movements of the wmgs and tails of ^ 
such large birds as herons, gulls, or eagles, are easy to perceive, and 
in many cases them object or result can be appreciated, if only one 
can get close enough Unfortunately, howevei, our near glimpses 
of large birds on the wmg aie usually but momentary, and it is only 
by piecing together little isolaied sciaps of observation that we can 
get a consecutive idea of what hfu> taken place Often the combina- 
tion of our eyes and biain is far too slow to analjze and follow the 
diflferent movements, and the only impression the mmd receives is one 
of rapid beating motion, as is so noticeable in the flight of bees and 


1 Repnnted by permission from Bntisb Birds, Witherby Co , Lpndon, vol 4, Iutg, 19Iil-May, 1911, pp, 
162-168> 195-203,^0-356 
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otlier insects Too often is this the case when trying to follow the 
flight of some small bird, the beating of the little wmgs being quite 
too rapid for onr senses We will here confine ourselves to those 
birds possessed of ample expanse of wmg, foi, generally speakmg, 
the larger the wmg the less rapid is the beating, and therefore the 
more easily can we follow its movements 

To gam the velocity in ordei to create the lesistance necessary for 
the support of all heaviei-than-air machines/^ some birds run or 
swim, otheis simply spiing into the air and by the vigor of their 
flappuig achieve the same result, while others, agam, launch them- 
selves fioin some coign of vantage — a tree oi lock — and m falling 
gam the desired resistance In this article I give some particulars 
regal ding the latter method, illustrated by photographs of the 
Gannet {Sula lassana) 

Stoppmg to the cliff edge, and, if theie is no cause for undue haste, 
having laised and partly unfolded its wings, the bird prepares to 
dive into space. This dive, it should he noted, is not d i * ' i <1 ,v i\ -i 
ward, but rather as horizontally outward fiom the cun as may be 
(sometimes it appears to have even an upward tendency). If the 
bird is one possessed of bioad laige wmgs not much altitude is lost, 
and it skims Ihiough the an m much the same fashion as does a 
piece of cardboard thiovm hoiizontallj If, hov'evei, as in the case 
of auks, the wmgs are small and narrow and the body heavy, then 
the bird at fii'st diops nearly vertically, only bemg able to gain a 
more horizontal course as its velocity increases 

Sometimes birds of this latter class, presumably through mis- 
judgment of the space they have to woik m, do not get the horizontal 
coiuse in time, and crash into the locks or sea at the foot of the 
cliff, This is veiy noticeable when a group of puffins {Fratercula 
arctica) hurriedly takes flight from a steep bowldei -strewn slope 
Under these circumstances I have frequently seen quite a number 
of birds come to grief on the rocks within 30 yards of startmg 
Most of these, though somevhat dazed by the impact, flutter and 
claw their way on to the top of some hig bowlder, and after a 
moment’s pause again dive forth, but not infrequently with no 
better result The first failure is, I beheve, often caused by their 
paying too much attention to and looldng behind at whatever startled 
them, instead 6f gauging then proper angle 

The raising and unfolding of the wings is woithy of a little con- 
sicleiation Tlio foimer usually takes place not after, but pievious 
to, the diving oi springing foiward, while generally the whole "‘foot” 
is at lost upon the rock. Of course, when suddenly alaimed biids 
sometiTnes cast themselves from the cldf without first raising their 
wmgs, and in consequence fall rapidly. 
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In plate 1, figure 1, the gannet has not even risen to its feet piior 
to lifting the wings, but is sitting on the edge of the nest The 
apparent leg supporting it on the near side is a delusion, for instead 
of being the metatai'sus, as it seems, it is really the closed webbed 
toes hanging downward from the raised and hidden leg, only the 
claws leally toiichuig the nest The leason foi this peculiar position 
is the newly-hatched chick, haidly discernible, lying ui the nest, 
which would mevitably have been crushed had the bud rested on its 
expanded foot 

This laismg of the wmgs preparatory to diving forth is perhaps 
more convincmgly shown in figuie 2, as the photogiaph is taken 
from a pomt on the same level as the bud, and shows the wings 
held up far above the bird^s head This picture, as also figuie 1, 
embraces another and more important point — that the unfolding or 
straightening of the wmg takes place, if again there is no extreme 
haste, subsequent to the laismg This especially refers to the 
pmion 

It will be noticed that although the humeii aie raised almost to 
meeting above the back (pi 1, fig 2) the ulnas aie not fuUy extended 
and in line with them, while the pmions aie httie divergent from the 
latter, still making an acute angle with them Casually one ipight 
have expected that, had there been any precedence, the pimon 
being the most important factor, would have been the first to assume 
the position requisite for flight, but if these two photographs be 
carefully examined the reverse appears to be the case. In short, it 
may be said that the unfolding of the units of the wing seems to be 
sequential, starting with the humeius, and not sunuitaneous 

This IS, I feai, diiectly at vaiiance with the wiitings of many 
leading ornithologists and anatomists, and I can only put forward the 
photograplis m suppoit of my observations Undoubtedly the 
arrangement and aiticulation of the wing-bones appeal to indicate 
that the unfoldmg will take place mechanically throughout on any 
one part being extended, but laboratory theories, however much 
they may be upheld by inanimate evidence, can not pass unchallenged 
when they are found to be in apparent contradiction to observation 
of the living action supported by corroborative photographs 

In plate 2, figuie 1 shows the bird at the very momeigt it is diving 
from the chfl, only the tips of its toes touching the rock, and it will be 
noticed, as mtnnated before, that the slope of the body is stiongly 
upwaid. The wings have not even yet been fuUy straightened. 
TMs final unfoldmg and stiffening appears, so far as I can ascertain, 
to take place at the very moment of departure, and had this photo- 
graph been taken a minute fi action of a second later it would no 
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doubt have revealed the wings as fully extended as m figuie 2 ^ 
Here the wings are just beginning to feel the weight of w^hat they are 
to suppoit and aie commencing their first downwaid beat And 
now, though it has only tiaveled a few mches from the rock and the 
feet have not yet been tucked away undei the tail, the gannet xs 
fairly on the wing, exa&peralmgly able and wishful to go beyond the 
range of our lens oi even of oui observation 

ir — STEERING, SLOWING-UP, AND TURNING 

The old idea that the wmgs of a bud simply flap up and down, and 
that by some means the body tiavels steadily along on a level hori- 
zontal couiBe, has long been dispensed with It is, howevei, difficult 
to realize, but none the less tiue, that at each full wmg beat the body 
IS raised as well as propelled Perhaps this can be more readily 
appreciated by refeience to a photogi’aph, such as that represented 
in plate 3, figure 2 By good fortune the two gannets shown there so 
near togethei exhibit the two extremes of the positions ivhich these 
birds ordinarily assume m flight. In the top left-hand bud the wmgs 
are raised and the body seems to be dependent fiom them, wdiile in 
the lower bud the ivings aie far depressed and the body appears 
pushed up and supported by them, and this is precisely its position 
The w^mgs m their rapid descent found resistance in the air, and as 
soon as this resistance exceeded the foice of giavity actmg on the 
bird the body was elevated at the same time that it was driven 
forwaid, only, of coume, to sink once again on the wings bemg laised 
Thus the path of a flying bird is a succession of ups and downs, but 
the movements of the wungs bemg so very much greater, in extent 
cloak those of the body, and so gracefully and smoothly aie the 
actions performed that we do not lealize the undulatoiy nature of 
the course The attitude of the right-hand top bird, a kittiwake, m 
the same photogiaph (pi 3, fig 2), is mterestmg, as it shows the bird 
steeling liy the aid of its feet The very extensive use some birds 
make of their feet duimg flight requiies consideiation Not only are 
they fieely used foi steeiing, but they are also often employed as 
biakes to lessen speed, much in the same way as a drag is used to take 
w^ay off an incoming vessel In plate 4, figuie 1, the immature 
gannet thcio depicted is trailing its partly expanded and lowered 
feet, thereby causing consideiable resistance to its foi'waid progress. 
To bud^ which quarter the surface of the ocean for a hvelihood, feet 
have yet another use dunng flight. As the bird swoops downward to 
snatch its sivimining piey the legs are dropped, and the moment the 
quarry has been seized, if not before, the feet aie plied vigorously to 
run along the surface of the water and thus not only act as buffeis and 
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prevent the body from stukmg the watei, but also help to increase 
the velocity necessaiy to enable the biid to rise again In plate 4, 
figure 2, although the Icet of the kittiwake have ceased to touch the 
surface, the bud is still lunning, as it were, in space. 

Another method often practiced by birds to lessen speed is that of 
depiessmg the tad, and so offermg a resistance to the air rushing 
along the under suiface of the body, and this is dliistrated in the 
gannet shown in plate 5, figuie 1 This use of the tad is very simdar 
m its purpose and result to the use of the feet as brakes Steermg is 
also, of coume, aided by the tad, it being visibly turned fiom side to 
side, laised or depressed, when flight is being executed amid tumul- 
tuous cunents But this method of steeling by the tad is rather 
corrective than imtiative in its use, being piincipally employed to 
compensate for ii regularities in the air cunents When a bud is 
suddenly and dehberately changing the diiection of its coume — 
turmng an aeiial corner, so to speak — the plane of the wings is 
changed fiom the horizontal position assumed when ghdmg to a 
moie or less veitical position, the mclmation depending on the 
abruptness of the turn and the pace at which it is executed If the 
turn is to the nght, then the left wing is laised and the right depressed, 
and, of course, vice versa for a turn to the left When writing here 
of one wing being raised and the other depressed, I refer to their 
positions lelative to each other, and not to their relation with the 
body That is to say, the wings and body may be held rigidly in one 
plane, the inclination of this as a whole being changed from the 
horizontal to toward the vertical This vertical iiosition has been 
almost leached by the bird, of which, unfortunately, only a poition 
is shown, in the upper pait of plate 5, figuie 2 It will be noticed 
that the left wing is depressed and the nght raised; the bird is there- 
fore sweepmg around to the left I have seen birds when thus sud- 
denly altenng the direction of their couise actually exceed the 
vertical position, turmng the plane of then surface through an angle 
of about 105®, thus makmg an angle of about 75® with the horizon, 
their backs then, of course, bemg on the underside 
The question of air currents is of paramount importance in flight, 
though it IS probable that owing to their invisibility we have as yet 
little idea of how extensive and acute these movements aie. If, 
howevei , we watch small companies of gulls flying leisurely in the same 
direction, we shall often see them pass through such local air currents, 
whose existence is plainly mdicated by the sudden and harmonious 
wheeling of the birds. It is often very noticeable, too, how precisely 
in the same maimer all the birds wiU compensate for the current. 
This is suggested in plate 6, figure 1, where the four central birds are 
passing through a disturbance, and it will be noticed how each is 
^^tnmmmg^^ for it in much the same way, even to the awkward bend 
in the neck. 
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in — ^ALIGHTING 

The act of alighting appears to he not the least difficult part in the 
performance of flight, indeed, whether it be regarded from man^s 
standpoint or from the bnd^s, it may well be accounted the most 
difficult 

On a boisterous day when a bird -wishes to alight at some particular 
pomt, its powers aie often taxed to the utmost The obvious signs of 
this being so are the abrupt and spasmodic turns, and the flapping of 
the wings, and the ]erky, eiratic course immediately precedmg the 
alighting, while not infrequently the clumsy and hurried actions on 
touching the giound, plainly show how comparatively httle the flight 
had been under control the moment before ahghting 

That this is a real difficulty of which the birds are fuUy conscious 
is, I think, shown by their prepanng for ahghting long before they 
actually do so. Their first care is apparently to reduce their speed 
as much as possible, so as ^stiU to leave them sufficient ^^way^^ to 
insure some stability in the air, and some power of guidance. They 
soar louiid and loimd or appioach slowly on a long, wavering course, 
trailing their feet as brakes, or advance m a vertically zigzag course, 
finding much resistance in short but steep ascents But even after 
these and many other piehminary devices have been tried, birds 
often get sadly knocked about on really boisterous days when alightmg 
on the cliffs. The difficulty hes not so much in the mere act of 
alightmg, as in the settling at some particular spot A bird must 
slow up, or the impact would be too great for its leg muscles to cope 
with, and the difficulty is that when slowing up and almost at a stand- 
still in the air, so to speak, it is greatly at the mercy of the air cur- 
rents — a swirling gust of wund bemg able then to carry it this way 
and that, wheieas were it in full flight an equal gust might hardly 
affect its onward course I have seen guillemots and puffins when 
on the pomt of ahghting, and despite their rapidly beating wings, 
bodily blown over in the air and hurled backwards 30 feet from where 
they mtended to set foot Frequently, too, a bird, in wild weather 
or when agitated, will fail to effect a landmg, on a cliff for example at 
the first attempt, perhaps finding it has too much pace to risk a contact 
with the rocks, or, having too little, a gust of wmd will '^take hold’' 
of it and bear it past the place it intended to ahght upon. 

As when deahng with ‘^Taking flight," I illustrated my remarks 
by photographs of the gannot, it may be well now to continue with 
the same bird, and to try to follow some of its actions when ahghting. 

In plate G, figure 2, the galinet is approaching intent on ahghting. 
The pace is comparatively slow, and is being contmually lessened, 
and the course of the bud is bemg steadied by the traihng feet. The 
position of its home is not indicated in the picture; it "was on the 
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top of the column of rock, the base of which is vaguel}'* suggested at 
the left-hand side of the print Each time the bird approached its 
method was the same It flew along the chff-face until it reached a 
pomt nearly opposite to the nest, but considerably below it , then it 
swept round abruptly until it faced the cliff, at the same time gi’^ung 
its course a strong upward tendency, still traihng its feet Plate 7, 
figuie 1, shows the bird just aftei it had faced round to the cliff and 
was sweeping upward As soon as it arrived directly opposite to its 
nest, its one thought was to stop the forward and upward impetus 
produced by the great soaring approach 

Plate 7, figure 2, shows plainly the measures adopted by another 
bird — which, by the way, advanced m a more direct and hoiizontal 
course, and had, theiefoic, a moie duect forwaid momentum to 
counteract It flew straight for its nest, sweepmg slightly upward 
until it found itself almost opposite the place, and perhaps some 5 or 6 
yards distant from it Then by a dexterous turn it threw the plane 
of its great surface into a vertical position and at nghi angles to the 
direction of its course, thus offering the maximum amount of resist- 
ance possible. The whole area of the wings, body, and tail is directly 
opposed and spread out to resist the bird^s forward passage through 
the air, and it is interesting to note how the tail has been extended 
to the utmost, fan wise, so as to increase as much as possible the 
effective area It will be noticed that the feet are thixist forward 
and the webs extended in anticipation of the coming contact That 
a great stiam is being placed upon the vungs and that therefore a 
gieat lesistancG is being encountered is indicated by tlie curve of the 
primaries 

Plate 8, figme 1, shows the position a moment later The bird 
has now got its feet upon the lock (or rather one foot, for the other 
is thrust out hoi izont ally on the nest, having no doubt missed its 
mark, and can be of httle, if an}^, support), and appears to be almost 
stationary, but as a matter of fact it has stfll a forward impetus which 
the raised wings are tr 5 ang to coiinteiact The bird has, indeed, 
just set foot upon the ledge, and is falling forwaid m the direction 
of its approach 

The last photograph (pi 8, fig 2) agam caixies us on a brief moment. 
Now the bird has pitched forward on to its breast, its wings having 
failed to find sufficient resistance in the air to counteract the body^s 
momentum, and in consequence the wings have come crashing down 
upon the loclcs at the end of their strenuous beat. The position of the 
tail is interesting, in plate 7, figure 2, it is seen fuUy expanded and 
depressed in order that its ventral surface may oppose the forward 
progress, and now it is turned upward above the back so that its dor- 
sal surface may find resistance and try to counteract the tendency 
to pitch f onvard on to the breast 



THE GARDEN OF SERPENTS, BUTANTAN, BRAZIL^ 


By Prof S Pozzi, 

Member of the Academy of Medicine, Pans, m charge of scientific expedition to Brazil and 

the Argentine Republic 


I passed but 12 days m Biazil on my way back from Buenos Aires 
to Europe There is much to bo said about the medical institutions 
of the two large cities wheie I stopped, Rio de Janeiro and St Paul 
I wish that I could express all the admuation I have for my colleagues, 
the physicians and surgeons of Brazil, and tell of all I saw and appre- 
ciated; but I can cite only a few names At Rio do Janeiro, Piof Feijo, 
]i«, head of the faculty, Dr Aug Biandao, profcssoi of gynecology; 
Dr Daniel d’ Almeida, Dr Magalhaes, Dr H de Toledo-Dodsworth, 
Dr Antonio Rodriguez Luna, the Dis Hilano and Nabueo de Goyea, 
Dr Olympic da Fonseca, the general secretary of the Academy of 
Medicine, Dr Aloysio de Castro, and others At St Paul, I would 
mention especially the Drs Alves do Lima, my cxccUont pupil, Dr 
Arnado CarvaUio, Dr Syncsio Rangel Pestana, and Dr Ohveira 
Botelho formally minister of agriculture and a distinguished gynecol- 
ogist Towaid all I have a deep feehng of gratitude foi my pleasant 
leccption 

But i must hmit myself So I wall choose fiom among my experi- 
ences iny vit'it to the antivenom therapeutic institution at Butantan 
near St Paul 

This institution has at its disposal incomparable means for this 
study and work because of its situation in a legioii whuo snakes 
abound Our eminent compatnot, Prof Calmette, of Lille, one of tlio 
pionceis in the scientific -vaccination agamst snake bites, lias been 
too often impeded and limited in Ins laboratoiy w'ork because of the 
difficulty in prociiimg the exotic snakes whose venom was necessary 
for his reseaiches At Butantan, the countiy people from all sides 
bring in then captured snakes, in exchange loi winch they receive 
tubes of the beneficial serum 


nal paper here omitted 


~ ■‘lio Henn de Rothschild Rolyclmio, Mar 29, 1911- 
^ j, Pans, Apr 22^ 1911, The illtistrattoiis in the origin 


441 



442 ANNUAL BEPOKO:* SMITHSOKIAlT IKSTl^tT-TlON, 1911 


Brazil may be considered as one of the countries most infested by 
venomous serpents Though they have completely disappeared from 
the most frequented places, they are still extremely numerous in the 
suiTOunding country, and their bites aie a fearful source of danger to 
the workmen of the coffee or sugar plantations who go with naked 
feet 

Two great genera of serpents hve in Biazil, the Crotalus and the 
Botlirops They are found in the forests, the thickets, and the damp 
places Naturally rather timid, they flee as soon as disturbed by a 
noise, but if by chance one of them is touched it turns upon and 
angnly bites whoever molests it So that if a passerby madvert- 
ently puts lus foot on one he is at once bitten This happens very 
frequently to beasts or horses when they disturb the peace of a snake. 
Hunters dread them for their dogs when the latter search in the 
brushwooci. 

According to statistics, up to 1906 there died annually in the State 
of St Paul alone more than 240 persons from the bites of snakes of 
the Crotalus and Botin ops genera Since the distribution of serum 
from the serotherapeutic institution of Butantan, the number of 
fatal cases has diminished at a rapid rate 

This serotherapeutic mstitution consists of a large number of 
buildings separated by courts They include the laboratory, the 
cells foi the snakes, the stables for the inoculated horses, the store- 
houses for tlic manipulation of the serum, and the dwellings of the 
stair Hveiwtlung is perfectly organized 

Many obscure points relative to the physiology of serpents still 
icquire siudv In older to bettei know the habits and all the details 
of ilic lives of serpents, Di\ Vital Brazil, the emment director of this 
mstitution, conceived a surely novel idea He has made an mclosure 
with Thick ivalls not so lugh but that one can easily look over them 
Within there is a laige space, a land of rustic mclosure, covered in 
places with luxuriant vegetation, traversed by wide paths, with 
glades here and there A large interior ditch, close to the wall and 
jSlled wuth water, forms a second barrier and prevents the escape of 
the dangerous guests that people these thickets The most venomous^ 
serpents are to be placed here where they ai e 1 o hvc at Iibei ty. "When 
I was at Butantun last year the construction of this place was almost 
complete. At the present time, without doubt. Dr. Vital Biazil and 
his fellow W’orkers have alreadj^ made many curious observations 
while walldng to and fro in this frightful paiadise, m this garden of 
snakes. 

Before proceeding it will bo well to state some theoretical concep- 
tions wliicli will help to explam the importance of the work accom- 
plished by tins mstitution 
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The pathological physiology of venom poisoning has become very 
well Imown through the researches of Calmette and V, Brazil. The 
poisonmg 1 esultmg from the bite of a Bothrops is hemorrhagic iii nature 
After a bite there occurs a decomposition of the blood v/hich escapes 
from the capillaries, causing profuse hemoirhage m the subcutaneous 
and submucous tissues, accompanied by acute congestion of the hver, 
kidneys, and bram It is a sort of acute purpura The Crotalus 
venom, on the contrary, is a paralyzing poison It pioduces bulbar 
paralysis mth disturbances of the respiration, the vision, and the 
circulation Local reaction at the seat of the wound is absent or 
extremely shght Death of the victim, if a man, results after a vari- 
able time, generally about 24 horns 

Vital Brazil has made elaborate studies of the effects of venoms 
upon animals The poison of the Crotalus temjicus kiUs a pigeon 
when one one-thousandth of a miUigram is injected mto its vems. 
The fatal doses for othei venoms vaiy slightly 

I will now describe m a few woids the preparation of the antivenom 
seium at Butantan 

The serum piepared at Lille by Di Calmette has httle efficacy in 
Brazil, Indeed, he himself says in his remaikable book, Upon 
Venoms, ^^For each venom theie is a correspondmg serum Smee 
the seium of the institution at LiUe is almost wholly prepared with 
the venom of Asiatic snakes, although excellent for counteracting 
the bites of European vipers, it is useless against the bites of tbe 
Brazilian Bothrops oi Ciotalus Accordmgly Dr Vital Biazil has 
piepaied two specific seiums, one anticiotahc, the other antibothropic, 
each having, in small doses, a particular efficacy agamst the bites 
of the conespondmg snakes But as it is rare that the kind of snal^e 
produemg a bite is known, it was impoitant to have also a polyvalent 
serum, that is one equally active agamst all venoms Such a seium 
Dr Biazil has made 

The animal used to furnish the antitoxic serum is the horse A 
young and healthy animal is taken, free from any disease, and 
particulaily from glandeis Horses are very sensitive to the venom 
from snakes At first a minimum does is mjected, five one-hundreths 
of a milligram, then the does is mcreased The injections are 
repeated every five or six days, as soon as the animal seems to 
suffer or to lose weight the mjections are stopped It is a curious 
fact that as soon as the immunization is complete the animal seems 
to thrive from the absorption of the poison , it grows fat, its weight 
increases And yet further, a horse m the process of immumzatioHj 
if the injections ai^e stopped, ■ i . what as does a morphio- 
maniac when the latter is deprived of ins habitual poison The 
horse has become, m fact, a seromaniac 
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The immiiiiizatioii lasts about a yeai, and towaid the end enoi- 
mous doses aie given reaching 1 giam The horse is then ready 
and the serum fiom its blood is antitoxic for the venom with which 
it has been inoculated 

In such manner is prepared at Butantan the anticrotahc, the 
antibothiopic and the polyvalent seimms The last is obtained by 
alternatmg the injections, usmg the venom first from one kmd, then 
fiom the othei kmd of snake^ and, as its name mdicates, it is valuable 
as a remedy foi the bites of all Biazihan snakes It is therefore of 
exceptional practical value 

An immunized hoise will furnish serum for a very long time, 
piovided that from time to time new injections of the venom are 
administered After each bleedmg necessaiy for a supply of serum, 
the antitoxic power of the hoise dimmishes rapidly but recovers 
several days afterwards 

In the case of man, the mjection of the sei^jn under the skiix 
should he made duiing the 12 hours following a bite If the kind 
of snake pioducmg the bite is known, the serum specific to that kmd 
IS tlie more efficient toxin to employ m doses of from 10 to 20 c c , 
for it works more quickly and with special efficacy If the kmd of 
snake is not known, as is usually the case, then the polyvalent 
serum must be injected m doses up to 60 c c m serious cases 

The serum is furnished to the pubhc in sealed tubes packed m 
httle wooden boxes A minimum piice is charged Further, the 
institute at Butantan distributes the serum free to hospitals, to 
cities, and to the veiy poor, together with injection syringes and the 
necessary directions for its use The only remuneration asked by 
X)i Bra^, at times, in exchange for the serum, is the snakes winch 
are essential to bun; and so by brmgmg a cascavel or a jararaca^ the 
Brazilian countryman receives a tube of the hquid serum 

I was veiy curious to visit the mstitution at Butantan durmg the 
few days 1 stopped at St Paul near the outslarts of which it is 
situated. My distmguished colleague and friend, Br Alves de 
Lima, whom I can not thank too much for his generous hospitality, 
kindly offered to accompany me there I copy the following account 
fiom the note l)ook of Tuy tiavels: 

A po\\erml lO-horsepowGr auLomobile earned us, raifiXQg clouds of dust, aloi^ tbe 
roaic Vrhicli na^eised a coxmtry dotted with trees and exotic hhiubi^ Aftci 

a ride of about halt au lioin stopped at the gate oi a land h rge chalci v.^hich 
botit^gcJ to a group of new buildings, Uio beiotlicrapeuuc indtiluiion or Bulantan 
A man of about iO > cat s of age, uill, energetic, sun burned w canug a blat k iniistuchc, 
with reraarkdbly deep, black eves a reseiwed and debbcral^e manner in inaikcd con- 
traj?t with hib Koiuhcm appearance, roceued ■«ii3 on the threshold He wore a long 
white (fiat, such as sni-geons and ph;i '’lologisls weai Such was Dr Vital Bmil, 
director of tho institution and a great philanthropist To him Bin/il, and indeed 
aU tiie other counlues of South America, ow(3 the si^btematic production of the seiuni 
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cures the biles of the numeious snahea of those tropical legions, deadly bites 
which but lately killed more than 1,000 peieons a yeai 

He commenced his study by himself, he is indeed a “self-made ” man, later he con- 
tmued his studies at Pans with Roux, at Lille with Calmette, and at Beilm with Koch 
He speaks French very purely although not very fluently Indeed he talks very little 
It was always necessaiy to ask foi explanations from this modest and somewhat 
tacitmn man 

We at once entered the laboratoiy, a great hall with lows of jais contammg snakes 
in alcohol Thei e were snakes of all sizes, of all colors, of all forms, whole and dissected 
to show their various oigans and with some of them (who would ha\e believed it?) 
full of parasites peculiar to the snakes In other jars theie weie horiible, venomous 
insects, enormous scorpions, and great spider ciabs We had but little time to devote 
to this visit, we weie therefore in a huny and Dr Vital Binzil realized it He knew 
of a special attiaction for us, a snake eater of snakes, the good snake, so to speak, 
which, inoffensive hnnself, destioys his venomous confreres whose bites are haimless 
to him I asked Dr Brazil to show us this c miosity He was piepared for mv lequest 
and veiy courteously acquiesced Only the good serpent had already eaten some 
eight days ago, and for a snake digestion is veiy slow and the appetite long m return- 
ing, neveitheless he let us see 

And here we saw the good seipent It was taken from a box by means of a long 
crooked stick, with a handle, which seized the snake by the middle, like a common 
sausage, and deposited it on the grotmd near us It was a kmd of great adder, about 
a meter long, of a blue color having the sheen of steel, so shiny that it seemed wet 
It crawled slowly, erecting its flat head, darting out its tongue, and seemed formidable 
despite its good leputation In order to reassure us, Dr Brazil took it m his hands 
and tT\uncd it about arms, he told us at the same time the snake’s scientific name, 
Bacliideliis hrasih, locally known as the “Mussurana ” The natives and especially 
the hunters have known it for a long time, but until very recently were ignorant of 
its habits and its so useful tastes 

With the same crooked stick he took from a box another serpent, this time an exceed- 
ingly venomous one, the terrible Ladicsfi^ lanccolatus, the “Jaiaraca” of the Indians 
Its bite in a few minutes kills man or animal We recoiled instinctively He placed 
it close to the good Mussurana, and, at a respectful distance, we formed a ring about 
them I confess I looked back of me to see whether an open door was at hand The 
two snakes lay there almost motionless, side by side, and apparently seemed to take 
no notice of each other Dr Brazil thought surely that the Mussurana, ha-vung just 
eaten his fill, would not “make a march,” if I may so express myself Suddenly it 
made a movement and drew neaier to its formidable victim The latter, aa well as 
we, had seen the undulation of his adversary, it also stirred Did it wish to escape 
or did It rely upon its irresistible fangs? With mcredible quickness which told 
plamly that its apparent torpor was only tactical, the good serpent darted its open 
mouth upon the neck of its prey, evidently aiming to get hold of the nape of its neck 
m order to render its opponent helpless The latter, upon its guard, quickly turned 
and darted its fangs into the body of the other The good ‘-ei pent, it, hov ever, immune 
to the poison by nature And see, m an mstant 1 he Lachosis is enlaced , Iav ’sied abtni t 
in the muscular spnal formed by the body of its adversary, ihey roll con' ul^ively, 
one about the other, one within the folds of the other, and I wondered for a minute 
whether the Mussurana was not trying to choke the Jararaca Very soon I discovered 
the purpose of this maneuver, it had seized the enemy lower than it had wished at 
the first grasp, and little by little was advancing its hold g^.^duallv uniil il had ils 
mouth up cio^e to that of the Jaraiaca Now it had a firm gnp ^los*^ to the loi\er 
jV* , ai < 1 '-PC wi-ii which looked like an msUument 
nr a SI” Cl.' 1 ni* oi a Ui ■ rcj , Hr ^ d ti p r?- rf -j '‘e’ The venomous he id, lamentably 
open and as if disjointed m the constant effort to escape, extended several cenninerers 
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beyond the coils which enfolded the body and about which they were entwined. 
The last turns formed a kind of block upon which rested and was thrown back the 
stretched neck like the cord on a capstan 
The whole body of the wicked serpent had disappeared within the folds of the good 
serpent, its extremities alone lemained visible, the helpless head on one s.de, the 
slowly movirig tail at the other 

IS going to dislocate the cervical vertebrae,” Br Brazil whispered to me, ^‘you 
will see, it is very curious ” Indeed it was very cunous and even rather honible 
to see But we were as if faacmated by this spectacle, the contest between the good 
and the bad reptile, between Ormuzd and Ahnman 
During several minutes, whicb seemed to me mtenmnable, Ormuzd had stretched 
the neck of his half-dead adveisary, using some of his own entwining coils as a ful- 
crum, and ingeu ously employing the principle of the lever Then he commenced 
to twist slowly from right to left, from left to right, the stretched, taut neck 
Was Ahnman dead when I left this spectacle to see the rest of the institution? I 
would not venture to say that he was entirely dead when Ormuzd, after our departure, 
commenced to swallow him An hour later, when we returned, the deed was almost 
done The good Mussurana was stretched at full length upon the ground where we 
had left them rolled up as in a ball We could distmclly see by the abrupt sncUirg 
of the steely armor the point to which the swallowing of the prev had progie'^sed 
The latter had disappeared, swallowed up close to the tail, and a dei ail whic h struck 
me and which moved me despite my knowledge of the unconsciousness of reflex 
movements, that little tail n as coiled about one of the legs of a table and clung to it 
yet with convuIsi\ e tremblmgs 
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When the Spanish conqiustadoies jouinoyed northward fiom the 
mountains and plams of Mexico into what is now the United States, 
their imtial expeditions led them along the narrow Yalley of the Rio 
Grande, Near the banks of this stream, or sometimes at some dis- 
tance from its waters, they found pueblos or Indian willages whose 
inhabitants supported themselres principally by agriculture* The 
surrounding regions were peopled by nomadic tribes who denved 
their sustenance from the untilled resources of an apparently unpro- 
ductive land 

A not xmcommon behef among people who have neveT’ visited the 
far Southwest — that part of the Umted States consisting of New 
Mexico, Arizona, western Texas, and the adjacent lands — ^is that it 
is a vast desert By a deseit is generally understood a region where 
the water supply is scanty or lacking and the vegetation sparse 
That such a condition is characteristic of laige portions of New 
Mexico must be acknowledged Not a small pioportion of that State 
consists of sandy plains with but a thin mantle of vegetation, or of 
barren rocky hiUs and great malpais — areas invested with compara- 
tively recent lava flows But there remams a considoiab^e aica com- 
posed of fertile nver valleys artificially wateied by tlie streams which 
flow through them, and a still larger region of high mouTuams cov- 
ered with heavy forests and luxuriant herbage Among the thicldy 
bcattcicd ranges rise many high peaks upon which snow remains 
through Tieaily the entire year. 

In the mo&t and desert regions plant life is abundant, even if incon- 
spicuous, and the variety of species to be found there is greater than 
one would infer from the number of individual plants. Many among 
these have proved useful to man and were of the greatest importance 
m the economy of the early inhabitants Existence must have been 
one contmuous su'ugglo among the aborigines, situated in a country 
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where climatic conditions from an ordinary point of view are nnfa- 
voiable. They had to depend almost wholly upon the natural 
resonices of their homes irntd the Spamards introduced domestic 
ammals and improved methods of agriculture, and they were there- 
fore forced to utilize every possible source of lood, whether among 
plants or ammals There have come down to us accounts of the 
employment for food of many plants which, to the people of to-day, 
would seem impossible of being thus utilized The Zufiis, for instance, 
gathered and ate the inner layer of the bark of the yellow pme, a 
substance most diflSicult of digestion and at best veiy low in nutritive 
value Tradition has failed to record the foods to which the people 
were driven in times of unusual want, but in such periods almost 
eveiy plant not absolutely poisonous must have been requisitioned. 
With the advent of civihzation, and especially in recent years with 
the development of the railroads, making it possible to import provi- 
sions, the use of many substances which formerly served as food has 
been discontinued, even by the least civilized tribes* While the 
earlier inhabitants of New Mexico depended upon dozens or even 
hundi’eds of the native plants, present inhabitants disregard all but 
a few, now that more suitable food can be so easily secured There 
are, however, a number of plants which are still used extensively by 
the natives of the country for different purposes, and some have 
even attracted the attention of the recent immigrants. 

Most important among native economic plants, at least to the 
ongmal population, were those which furnished food Not less 
deserving mention here are some that are or have been employed for 
fuel, in basketry, as dye plants, and for certam other puiposes. 

The most mteresting, certainly the most remarkable, group of 
southwestern plants consists of the members of the CactacesQ or cactus 
family. These at once attracted the attention of the early exploreis, 
and no stranger visiting this I'egion, whether he be mterested in the 
botanical features of a region or not, fails to remark upon these 
peculiar forms of vegetation Over 70 species of this group are known 
to occur in New Mexico, ranging m size from the small globular 
Mamillarias or pincushion cactuses, often less than an mch m diame- 
ter, to the large branched choUa or cane cactus, frequently 10 feet 
high or more Almost all the representatives of this family bristle 
With spines, which fortify them against the assaults of ammals, or 
possess other adaptations for maintaining themselves amid the most 
unfavoiable suirounchngs They are found everywheio in New 
Mexico except upon the high mountainb, but they arc by far most 
numerous in the southoiii pait of the State. Here on a single small 
calcareous kill no le-s than 15 species have been collected, each rep- 
resented by hundreds of individuals. 
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For the greater pait of the year cactuses are httle more than 
masses of spmes, of bizarre but scarcely beautiful appeal ancc; but m 
the spnng with the advent of warm weather their buds develop and 
the plants are transformed into clustem of resplendent flowers No 
southwestern plants pioduce more showy blossoms; hence they aro 
admirably suited foi cultivation m and distncts, where it is difficult 
or impossible to giow the ornamental plants favored elsewhere The 
most beautiful of all our native cactuses aie the species of the genus 
Echmocereus These are characterized by spmy c5dindiical stems, 
seldom more than 1 foot high and 3 or 4 inches in diametci, giowmg 
smgly or m clumps Their floweis, home piofusely along the angles 
of the stems, aie veiy large, often 6 mches long, and of bnght and nch 
hues rangmg through yellow, pmk, scat let, salmon, crimson, and 
purple At the New Mexico Agiicultuial College beds of some of the 
different species have been established, each contammg seveiai hun- 
dred plants When in full flower these present a display of color sel- 
dom equaled by any of our cultivated plants Unfortunately they 
do not bloom all summer, but usually continue m flower several weeks. 
Other groups of the Cactacese are almost equally handsome The 
pnckly pears are covered in early summer with yellow or whitish 
flowers The cane cactus {Opunha arlorescens) bears hundreds of 
large red blossoms. The floweis of the Mamillanas are generally 
bnght pmk but too small to be showy, and those of the species of 
Echmocactus are small and of dull tints 

The most widely distnhuted of the cactuses aie the prickly pears or 
flat-]omted Opimtias, whose representatives m New Mexico number 
about 30 species, at least one or two of which occur m every section of 
the State (pis. 2, 3) This is the group to which the so-called '^spme- 
less cactus^' belongs Whde theio aic no native species in New 
Mexico that are completely spmeless, at least two are practically so 
The spmeless sorts which are reputed to have been developed m culti- 
vation are tender and can not endure the winters of even the southern 
part of the State. The common spiny pnckly pears, the nopales of 
the Spardsh-speakmg people, are used as food for stock, especially 
when seasons of drought have depleted the ranges They are leas 
extensively utihzed in New Mexico than in some other parts of the 
Southwest, chiefly because the stockmen of the State are unac- 
quamted with their possibilities To prepare them for cattle feed 
the spmes are singed off with a torch, after the plants have been 
hauled to some central pomt or while they are standmg in the field. 
Experiments have been made to ascertam the feasibihty of growmg 
prickly pear in quantity for stock feed, but these have so far resulted 
in failurO; chiefly because cottontails and jack rabbits eat them as 
rapidly as they grow and seem to prefer the cultivated plants. When 
38734^— SH 1911 29 
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haid piossed by hungoi cattle wall eat cactuses, spines and all, eyen 
attaching the yeiy spiny choUas The joints of the choUas aie readily 
detached from the plants and are often seen clinging to the animals^ 
bodies 

In some paits of the Southwest the young pads of the piicldy pear 
aie piopaicd foi human food, the tendei Jomts bemg peeled and 
cooked in yarious ways They aie not likely to become a popular 
yegetable since they aie nearly flayoiless and their large amount of 
mucdaguious mattci is unpleasant to most people The jouits haye 
been used as poultices and then juice is occasionally employed in siz- 
mg lough walls preparatoiy to the application of paper 
The fiuit of the piicldy pear, laiowui as the tuna (pi 4, 5), is highly 
prized m Mexico, where it is gathered in great quantities The lands 
growing there have larger and moie palatable fruits than any of the 
New Mexican foims Some of the northern species produce a dry 
fruit consistmg of little but spmes and seeds, and consequently 
inedible Others of the tunas are laige and juicy and beautifully col- 
ored, but eyen. they have large seeds The fiuit has a pleasant flavor 
and a taste for it does not have to be acquired, as it must for so many 
of the unusual tropical or senutropical fruits Some of the other 
cactuses have still bettei fla-voied fiuits, best of all bemg those borne 
by the different species of Echmoceieus In this genus the seeds aie 
small and can bo eaten along with the pulp In the eaihei days, and 
to some extent at the piesent time, the different cactus fruits were 
gathered by the Indians, who ate the fresh ones either raw or cooked, 
and often dued them in the sun for use in winter The tunas aie coy- 
ered with very fine spines which must be removed, the Indians resoit- 
ing to small brushes of dried gi ass f oi the piupose The Echinocereus 
fruits, besides being much more finely flavored than the tunas, are 
easier to eat because they aio protected only by laige spmes that aie 
easily removed with the fmgois w^hen the fiuit is fully npo 

Tunas have not been utihzcd extensively in New Mexico by lecent 
immigrants who often eat them when they happen upon npe fruits 
but seldom make any definite effort to gather them m quantity 
Sometunes they arc collected and their juice extracted and used in 
the preparation of jellies and sirups, the products thus obtamed com- 
paring favoiably in flavor and appearance with any similar ones from 
othez fiuits It has been discoyeied that a valuable colormg matter, 
a iTchred siimiar to that of cochineal, can be extracted from them to 
be used in tinting candies and pastry. The pncldy pear, inciden- 
tally, IS often a host of the cochmeal insect which m sprmg and early 
summer of Lon completely covers the plants with its white webs. 

In the southern part of New Mexico, on the mesas bordenng tlie 
Rio Grande, is one of the moal remarkable cactii&os, known as the fish- 
hook or barrel cactus or viznaga {Eclunocactvs ph Q, .d). 
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This was unkriown to botaiusts until the year 1846, when it was dis- 
covered by Dr Wishzenxis who was malong a journey of scientific 
exploration through the Southwest He fiist saw the viznaga near 
the village of Dona Ana at the lower end of the Jomado del Muerto, 
on August 5, and speaks of it in t]iese woids 

Before reaching Douana I met on the road with the largest cactus of the kind I have 
ever seen It was an oval Echmocactiis v ith enormous hshhook-hke piickles, measur- 
ing 111 height 4 feet and in the largest circumference 6 feet 8 inches It had yellow 
floweis and at the same time seed, both of vhich I took along with some of the nbs 

These specimerLs ultunatoly reached Dr George Engelmann of St. 
Louis, the first botanist to make an extensive study of our North 
American CactacesB, who named the species in honor of its discoverer 
Tins viznaga is seen in cultivation in the Southwcbt and occasionally 
in the East The plants that have been muthated assume strange 
foims, and bifurcate or cristate stems aie not uncommon 

The barrel cactus is a potential souice of water m extreme need 
When its top is removed and the juicy white pulp macerated with a 
club a quantity of a clear watery hquid is extracted from it While 
this will serve as a substitute for water m cases of severe thirst its 
taste IS not altogether agreeable, and fortunately m New Mexico 
water is rarely so scarce as to necessitate such a substitute The pulp 
of the viznaga is used more satisfactorily for another purpose Wlien 
cut uito strips or cubes, boiled several hours until tender, then cooked 
m a thick sirup which is usually piepared from the ciaide brown sugar 
so largely used m Mexico, molded mto rough cones known as pilon- 
ciUos, the lesiiltaut product is a candied pulp smnlar to candied pme- 
apple or cition, of a delicious flavor (pi 5) Largo quantities of it are 
made eveiy spiing by the native peojfie and sold by vendors about 
the streets of nearly all southwestern towus It is known as dulce 
de viznaga Moie recently another possible use for the plant has 
been found The flesh after bemg cut mto long thin strips and, 
treated with a glycerm solution forms a sort of vegetable leather 
which has been manufactured into souvenirs for the tourist trade 

Eemarkable among the novel curios to be found m the shops of 
the towns frequented by tourists are the canes made from the steins 
of the choUa (Opuiitia ariorescens) These are long narrow cyhnders 
of wood composed of a netwoik of coarse woody bundles with many 
interstices They are the woody part of the cholla from which flesh 
and spmes have been removed Although easy to prepare, to one 
who IS ignorant of the method of manufacture they appear to have 
been whittled from a sohd stick of wood with pamstalang care. This 
tree cactus is another of the plants first made known to science 
through the explorations of Dn Wishzenus. Among the Spanish 
people it is sometimes known as velas de coyote (coyote candles). 
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Almost as conspicuous as the cactuses are the Yuccas, a group of 
deseit plants whose members are variously known as Spamsh dagger, 
soapweed, Spanish bayonet, palma, palmiUa (pi 1), or datil There 
are seven species that grow in New Mexico, at least one of them m 
every part of the State except the higher mountams, and one species 
does extend into some of the ranges as high as 9,000 feet Usually 
they grow on the plains and mesas or m the foot hills Most of them 
are low, consisting of a cluster of long, narrow, moie or less ngid, 
sharp-pomted leaves 2 feet long or shortei, aiising from a short stem 
or caudex From this mass of leaves appears the inflorescence, which 
takes the form of a raceme or panicle crowded with nearly white, 
bell-shaped flowers (pi 7) In southern New Mexico three species 
grow much larger, having tiunks often 6 or 8 and rarely 15 feet high, 
surmounted by a cluster of leaves above which are thrust up the 
panicles to a height of 3 to 5 feet more 

The yucca which is of greatest economic importance, perhaps, is 
the datil {Ywca laccata, pi 8), which grows m the foothills of the 
northern part of the State m gieat abundance, and extends in lessened 
numbers south to the Mexican border It is one of the low forms, 
never more than 2 or 3 feet high, but it is noteworthy from the fact 
that its fimit, unlike that of other species, is fleshy and edible In 
form the fruit is cylmdrical or comcal and usually 6 mches long, 
with a smooth slan, Wlien ripe it somewhat suggests a banana, 
because of its shape and yellow color, and is palatable despite the 
large black seeds with which it is filled No use has ever been made 
of it by the English-speaking people and little by those of Spamsh 
descent, but it 'was an important food among the Indians, who do not 
altogether ignore it now The Navahos made more extensive use of 
it than any other tribe, possibly because the plant grows so luxuri- 
antly in their territory, where it sometimes covers the footiulls -with 
almost unbroken ranks. Regular expeditions were made to gather 
the fruit when it was ripe Some of it was eaten fresh, either law or 
cooked, but often it was preserved for wmter use The ripe fruits 
were dried by the fire on flat stones, then ground and kneaded mto 
small cakes, which were laid m the sun and allowed to dry still further 
These cakes were stoied until wanted, when they were broken up and 
mixed with water and in this form eaten with bread, meat, or other 
dishes. 

The Zunis, and probably some of the other Indian peoples, ate the 
seed capsules of the dry-fruited species after they had been boiled 
and made into a sort of pickle. These must be very mferior to the 
fruit of the datil, for they have an unpleasant taste before being 
cooked, besides being haid and not at all fleshy. 

Tlio loots of all yuccas contain d lugli piu of .iji and are 

^ployed as detergents. After buog dug uud ixi 'lod or otherwise 
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1 educed to small particles thej^ aie used almost exactly as soap, foim- 
mg a copious and peisisteut lather Both the Indians and the 
Mexican population use the soap weed in this form, especially foi 
washing the hair The ground root, amole, is said to be supeiior to 
soap for many puiposes In small amounts it has been placed upon 
the market, whole, if its merits were better knoivn, doubtless a profit- 
able sale could be found for it The soap weeds thrive so v ell through- 
out the Southwest that an almost mexhaustible supply of the loots 
could be depended upon There are possibilities in the use of 
saponm fiom tins souice foi other puiposes 

Yucca leaves furnished the Indians with the most satisfactory 
material for then basketry The Mescaleio Apaches, whose baskets 
compaie favoiably with those made by any of the Noith American 
Indians, use the leaves of two species {Yvcca radiosa and Y macro- 
carpa), obtammg fiom either of them two colois of fiber vnth which 
they usually associate a third deiived from another source Fiom 
the mterioi of the yucca leaf is taken the neaily wlnte fiber which 
foi ms the groundwork of the basket The geometrical designs with 
which these are customarily decorated are worked in mth strips from 
the outer coarser part of the leaf, of a soft greenish-yellow color 
With these the weavers combme a few strands of a dark reddish- 
brown fiber piepared from the bark of the lemita, a kmd of sumac 
{ScJimaltzia trilohata and related species) Not all Indian baskets 
made m New Mexico are woven from these materials, but most of 
them are substantially the same. Some tribes use the bark of the 
willow or that of other tiees and slnubs, while a few prefer the stems 
of cat-iails, lushes, oi sedges The Apaches also fashion wicker water 
bottles fioin the slender willow twigs, waterproofing them with 
mteiior and exterior coats of resm fiom the yellow pme. Anywhere 
upon the Mescalero Reservation one may come upon dead pines, killed 
by the lemoval of the bark from their trunks for several feet above 
ground so as to produce an exudation of lesm for this purpose. 
Almost all the Indian tribes of the Southwest manufacture similar 
receptacles for water, although some use earthenware jars 

Because of the prominence and strength of their fi.bro-vascular 
bundles Yucca leaves have been considered as a possible souice of 
fiber for cordage, but they are not well suited to such a purpose since 
their product is coarse and hard On a small scale the leaves have 
been made mto heavy stable brooms and there is a possibihty of a 
more extensive utilization m this (infection. 

There are several New Mexican plants that may become fiber pro- 
ducers The bear grass (Nohna microcarpa and other species, pi. 9) 
furnishes a good quahty of fiber, and tests have been made of the 
sotol (Dasylmon wheelen)* Related plants furnish commercial 
fibers m Mexico and other countries. The lechuguilla {Agave lech u- 
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gmUa), a congenei of tlie mescal but a smaller plant, yields a fiber 
which IS t\\Tsted into rope and twine m Mexico It covers many 
miles of the desert of western Texas, although in that region httle 
effort has been made to utilize it It barely reaches southern New 
Mexico and can never be of economic impoitance here 

Eecent advances in the price of lubber, caused by its increased use 
m manufactures, have stimulated a search all over the world for 
rubber-yielding plants A large and profitable industry has been 
developed in northeastern Mexico m the extraction of rubber from 
one of the Compositse loiown as guayule {Parthemum argentatum) 
It has been reported repeatedly that guayule occurs m New Mexico, 
but such statements are not supported by mvestigations Although 
the sections of the State where it might be expected to glow have 
been carefully explored by botamsts searchmg for it, not a single 
plant has been found Another species of the genus, mariola (Par- 
tlienmm incanum), fiom which rubber can be extracted, does occur 
m New Mexico on the dry hmestone hills near the southern border 
It IS said to yield a fair quahty of rubber, but a lower percentage of 
inferior value to that obtained from guayule Nowhere in the State 
IS it found in sufficient quantity to be of commercial importance 
Another member of the same family, the Colorado rubber plant 
(Hymenoxys flonhunda) is abundant in northern New Mexico, where it 
covers hundreds of acres on the low foothills or higher up among the 
pme trees, sometimes to the exclusion of almost all other herbaceous 
vegetation By chewing some of the stems for a few minutes a small 
mass of crude rubber is obtained. A few years ago a company was 
formed in Colorado to extract rubber from the plant, but the under- 
taking was not a success. While there is no doubt that rubber can 
be gotten from this source, it is questionable whether a large enough 
supply could be relied upon to make extensive operations practicable 
A prominent feature of the deseit flora of the Southwest, along the 
rocky hills or advancing upon the plams, are the stately Agaves, gen- 
erally known as mescal or centuzy plants, several species of which 
are at home m New Mexico (pi 1 0) Their leaves are broad and short, 
never moio than 18 mches long, succulent, formmg a compact rosette 
Each IS TipP^^^ ^ sharp dark spine and is armed along* the edges 
with stout hooked pricldes. The tall flower stalks of our native 
species are 10 to 15 feet high or more, surmounted by thick divergent 
branches bearing hundreds of yellowish flowers* It is a popular 
belief that the century plant blooms but once, when it has rounded 
out a hundred years, hence the common name A possible basis for 
this reputation is that m cultivation the plants seldom flower, 
although in their native haunts flowermg plants are of common 
occurrence They are knemm to bloom long before they attain the 
century mark and probably require only a comparativoly few years 
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to leach maturity Each plant floweis but onco, the Icayes withci- 
mg as soon as seed as matured About each dead plant is usually left 
a colony of young ones foimed fiom suckeis, by which the plant is 
piojiagated The true mescal plants a native of Mexxeo, the souice 
of pulque, mescal, tequila, and other drmks, is not rare m cultivation 
m southein New llexico, but is not indigenous 

The native Agaves furnished one of the most important items m 
the diet of the Apaches and other Indian tubes, who used them for 
making what is known as mescal It is from the manufacture of this 
article that the Mescalcio Apaches, whose leservaiion hes in the 
Wliite and Saciamento Mountains, receive then name 

Theie aie two substances to which the term mescal is apphed It 
IS moie geneially used to define an inloxicatmg beverage distilled 
from the feimented juice of the Agave Tins dimk is consumed in 
eveiy pait of Mexico, but is probably not manufactured to-day m the 
United States After the coming of the Spamaids the natives of the 
Southwest learned to distill the alcohohe drmk and it is not impossible 
that they had even developed the piocess independently. This, how- 
ever, IS not the mescal to which the Mescalero Apaches owe their 
designation. 

The Apaches, like otheis of the southwestern Indians, were wont 
at certam times of the year to visit the locahties where the century 
plants were most numerous The favorite season was m early sum- 
mer when the flower stallcs were just startmg, but the plants could 
be used at any tune Pits 10 or 15 feet acioss and about 3 feet deep 
were dug and lined with stones, then filled with wood which was fired 
and kept buinmg until they 'were thoroughly heated The file was 
then laked out and the pits filled with the succulent Agave leaves 
After being covered with glass or weeds the pits were left for some 
time, usually about three days, when they weie opened and the thor- 
oughly cooked loaves (mescal) vrere taken out and eaten The leaves 
thus cooked contam much sugar and have an agreeable sweet taste. 
They consist so largely of fiber that they aie unfit to be eaten as a 
whole, but must be chewed until the digestible part is removed, the 
fiber being then ejected. Large amounts of mescal were prepared 
after this method and either eaten at once or partly dried and stored 
for later consumption Mescal pits are of common occurrence in 
New Mexico wherever the Agave gi^ows (pi. 6, B)* The Mescaleros 
still prepare this food, but not such stores as in earlier da 3 ?B, In the 
markets of Mexico the same article is everywhere oflered for sale. 
The leaves of the species used there are larger and furnish a greater 
amount of nutiitious matter than the noithern lands. 

Another deseit plant, more closely related to the Yuccas than to 
the Agaves, is the sotol {Dasyhnon wheelen, pi 11), which was utilized 
by the Indians m much the same way as the century plant. Of this 
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they used only the heart of the plant taken just when the flower stalk 
was pushing up The trunlcs were tnnimed and placed in the pits, 
where they were treated exactly like the mescal This product must 
be far less suitable for food, for the steins are hard and woody and only 
the youngest parts can be easily rendered edible. Sotol has been 
used m the manufacture of alcohol in a commercial way, the sugars 
contamed in the steins bemg readily feimentable. With this as a 
basis lepoits have been issued of the distillation of alcohol from 
cactus, but the sugars contained in the different cactuses have so far 
not pioved susceptible of fermentation. All plants that have spmes 
aie popularly known as cactus in the Southwest and here may be 
found the probable souice of this erroneous report. 

Sotol has proved its utihty as feed for stock, especially when con- 
tinued drought has caused a scarcity of grass. Cattle if starved can 
eat the plants as they stand m the field but are likely to be injured 
by the sharp edges of the leaves. When the plants are cut m two, so 
as to expose their mterior, they are greedily consumed One cattle- 
man m the southern part of the State, while fattemng cattle for 
market, had several carloads of sotol shipped in for feed and used it 
with profitable results The plants are very abundant in some 
localities, closely coveiing bioad slopes along the foothills. 

New Mexico is not bountifully provided with wild fiuits, but there 
is a considerable number of native ones, some of which are not par- 
ticularly palatable but can be eaten. The number that are really 
useful IS small compared with those found m the Central and Eastern 
States. 

The most valuable of all, certainly the most delicious and most 
frequently gathered, is the red raspberry {Uyhis stngosus) which is 
exactly like the plant that bears the same name farther east Seldom 
does it grow so luxuriantly as m some localities m New Mexico, where 
it forms thick patches, often several acres m extent, m the broad 
open valleys m the higher mountains. Its well flavored fruit is borne 
in profusion and is often gathered in quantity when accessible. It is 
a favorite food of bears and many of them frequent the beny patches 
when the fruit is ripe. A near relative is the tbimblebeiry (Bubacer 
paivijlorus) which also produces a red fruit like the raspberry, but 
unfortunately the plants are low, never more than 1 or 2 feet high, 
and each bears but few fruits, so that gathermg the berries is a tedious 
task Strawberries of excellent quality are found m most of the 
mountain ranges, sometimes in sufficient abundance to be gathered 
foi’ the table. In the ranges between Santa Fe and Las Vegas and 
northward a blueberry {Vaedmum oreofTiilum) is common. It grows 
in sandy soil high up among the spruces, a low shiub rarely more 
than a foot high, loaded with small wine-colored berries which aie 
often picked and eaten. On the Plaios along the eastern bolder of 
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the State aie scattered thickets of the sand plum {Prunus watsom) 
whose fiuit IS used for jams and jellies The wild led plum {Pi'unus 
amencana) is known in a few localities ui the mountauis. It is 
abundant about the pueblo of Taos whose inhabitants utilize all 
the fruit produced In some parts of the State this plum seems to 
have escaped from cultivation but m places it is almost ceitamly 
indigenous* 

The buffalo beriy {Le-pargyrea argentea) glows in the San Juan 
Valley, a large shrub usually about 10 feet high, with silvery white 
leaves and clusters of very small currant-like beiries The fruit has a 
flavoi not unlike that of the cultivated red currant and is gathered 
and preserved Currants and gooseberries aie seen everywheie in all 
the inountam ranges Unfortunately the fruit of the vnld cun ants 
IS tasteless and msipid and is seldom used for food by the English- 
speakmg people although employed by the Indians fornieily and to 
some extent to-day The native people used the fruit either fresh, 
or dried and pieserved for winter From the berries certain of the 
western tribes prepared an mtoxicatmg beverage, one of the species, 
Rihes inebnans, receivmg its specific name from this fact One of the 
gooseberries (Grossul^na pinetovum) is distinguished by having its 
fruit, while agreeable to the taste, so densely covered by sharp spmes 
that it can not be eaten Elderberiies {Sainiiicus m'lcrohotrys and 
other species) grow in most of the mountains and in the lower Rio 
Grande Valley, All have edible fruit that is sometimes gathered 
The Mexican elderberry (Sambucus mencana)^ which is frequent in 
cultivation in the Rio Grande Valley and may be native m some parts 
of the State, diffeis from the eastern species m bocommg a good-sized 
tiee It is valuable as an ornamental plant because it is green nearly 
throughout the year and may put forth its blossoms even in January 
or Februaiy if there are a few days of mild weather The algerita 
{Berbens Jiaemaiocarpa) , a native of the hills and dry canyons, is a 
barbeiTy which bears quantities of juicy blood-red berries that are 
made into jellies. There are seveial other barberries, ancludmgthe 
'^Oregon grape’' (Berbens repens) ^ which grow in New Mexico, but 
never in sufficient abundance to furnish any considerable amount of 
fruit One of the ground cherries (PTiysalis neomexicana) ^ a trouble- 
some weed m cultivated land at higher elevations, makes excellent 
preserves, besides bemg prepared in other ways. 

The fruits that have been mentioned are nearly all that are used 
by the Enghsh-speaking people of the State, but in former times the 
Indians were compelled by the general scarcity of food to make use 
of many others, and some of the more primitive tribes, like the 
Navahos, stiff employ some of them Among those whose fruit has 
been utilized are the lote bush (Zisyphus lyc%oides) and Comhlia 
spathnlaPij low stragghng desert shrubs of the southern mesas, the 
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Wild grape ( Vrtis anzomca) , choke cherries {Padus melaTiocarpa and 
P capuh), the wild rose (the fruit or hips of Rosafendlen and other 
species), service beiiies (Amelanchier sp ), mulberries {Moms micro- 
phylla)j hackberrics {CelUs reticulata) ^ lemita (Sclimaltzia tnlolata), 
and tomatilla {Lyycium torreyi, L paUidum^ and other species) Of 
the first two slnubs a Mexican once told the writer that the fruit con- 
sists of ^^mucho h-ueso y poco carne^^ (a large seed and little flesh), 
and this is true of most of those just enumerated Wild grapes grow 
in many of the mountains, but their fruit is small and sour Mul- 
berries are found only in the southern part of the State The trees, 
which stand in the diier canyons and on open stony slopes, aie small 
and stunted, and the fruit is undersized and not very ]uicy Service 
berries form thickets m most of the mountams, but the berries are 
small and insipid The fruit of some of the species found in the 
northwestern part of the State is nearly if not quite dry, and so is not 
edible. The tomatilla, a characteristic shrub of the mesas and iiver 
valleys, bears an abundance of bright red juicy fruit which is eaten 
by the native population, although it does not seem very appetizing 

Besides these fruits — the popular sense of the word — the seeds 
of many plants formed part of the food of the Indians Those of the 
sunflower, a weed which thrives almost everywhere m the West, were 
gathered and ground mto meal This is so rich m oil that it was sel- 
dom used alone but was mixed with other substances The seeds of 
some of the amaranths (Amaranthus spp.) and goosefoots or Iambus 
quarters (Chenopodiumspp ) were collected by the Zunis and Navahos, 
as well as those of purslane {PoHulaoa oleracea and P retusa) and of 
certain grasses The Apaches depended upon a soit of bread made 
from the ground legumes and seeds of the mesquite and the tornfllo 
or screw bean {Strombocarpa pubescem) The pods of these shrubs 
are rich in sugar and sweet to the taste Clnldi'en are often seen 
chewmg them and they are relished by stock of aU kinds The 
Zufiis gathered cedar beiries and after gimding them formed the meal 
into cakes Young fruits of the wild gourd (Oucurlita foetidissima) 
were cooked in various ways 

Besides the seeds of the lamb's quarters the plants themselves, the 
leaves and young shoots, were cooked as ‘^greens/' just as they fre- 
quently ai’e m other parts of North America Additional succulent 
plants such as the purslane, the Eocky Mountam bee weed {Pentoma 
semdat7tm)j a small composite {Pectis angushfolia) , and many others 
wxio treated in the same way. All plants used thus are known by 
the Spanish name of quelite. It seems almost incredible to anyone 
famfiiar with the bco weed that it could ever be eaten. It is one of 
the most common plants of the northern part of the State, covermg 
large extents of mesa land. Its steins and leaves when crushed give 
off a most offensive odor, but this is said to disappear upon cooing. 
Only the young shoots aie used as food. 
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WMe New Mexico furnishes a numbei of fruits capable of being 
utihzed in diffcient ways^ in the matter of nuts the State is not so 
fortunate, there bemg only one that is of economic importance Two 
species of walnuts (Jvghns TUj)estns and J mapr) grow in the moun- 
tains and low foothills The first bears very small nuts, scarcely 
large enough to be oaten, and the second has them but httlo laiger 
and of poor flavor Inchans formerly collected the acorns of the 
many oaks foi food, hut it is improbable that they use any at present. 

The one kmd of nut which New Mexico does produce in quantity 
is the pinyon {P%mis ednlis, pi 12, A) Tins is the seed of a small 
pme tiee, seldom more than 20 feet high and often much lower, which 
grows almost eveiywheie m the State at elevations of from 6,000 to 
7,000 or 8,000 feet Wheie the nut pme is found it is the most con- 
spicuous component of the vegetation and often the only tree or 
shrub present, although commonly associated wnth one or two kmds 
of cedai The nuts aie inclosed in small cones, only a few in each. 
They are gathered in one of two ways More frequently, after frost 
has come and the cones are opening, the nuts are shaken down upon 
blankets spread beneath the trees Obviously only a fractional part 
of them can be secured in this manner, at least at a smgle shakmg. 
Another method is to pick the cones before they are open and heat 
them until the nuts fall out or can be removed by the fingers. In 
either case they are roasted before eatmg, to the improvement of their 
flavor. The dehcious taste of the roasted nuts is not excelled by that 
of any of om' weU-lmown kinds, and indeed is equaled by few of 
them The nuts are small, scarcely more than half an inch long, 
and oblong m outhne (ph 12, B) Their thm shells are easily broken 
by the teeth and separated from the meat by the aid of the tongue 
In the Southwest, at least among the native population, pinyons 
are much more popular than peanuts, to which they are most com- 
parable, and wherever a crowd assembles on some festive occasion or 
on market days, the ground and sidewalks are soon covered by the 
shells They can not be eaten rapidly, consequently one can eat 
them almost all day long Enormous quantities of pmyon nuts are 
gathered in good seasons, which are said to occur once in every five 
years In some localities they are brought into market by the 
wagonload and have been gathered in large enough amoxmts to be 
used m feeding horses Most of the crop is consumed m the South- 
west where the pinyon is known and appreciated, but a part is 
shipped East and retailed in the fruit stores of the larger cities 
Candy manufacturers have used the nuts in sweetmeats and they 
would become a staple article if the supply were more constant. 

The nuts of another New Mexican pine (P^nus Jlexilis) are edible, 
but they have such thick shells that they can not be easily cracked 
with the teeth and are seldom gathered The gum of the pmyon 
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IS sometimes clie^\ed^ bemg smiilai in flavor and consistency to 
spiuce gum 

Scveial plants native to New Mexico have loots that serve useful 
pui poses Two kinds of wuld potatoes ^ow in the State^ one of 
which {Solanum ]ames%%) is a common weed in cultivated lands in the 
piny on belt, while the other (Solanum femllen) is not laie in the 
higher mountains on shaded banks along with pine and spruce tiees 
The latter is not chstantly related to the cultivated potato {Solanum 
tuberosum) and has been referred to that plant as a subspecies It 
has small tubeis about half an inch in diameter which are sometimes 
eaten Wild omons, as well as the roots of certam umbelhfers and 
of wild hquoiice {Glycym-'lnza lep%dota) weio used for food by the 
earher inhabitants of the legion A member of the Senna family, 
Bojjimn&eggia deimflora, found on the lower alkalme land in the 
western pait of the State, is known as camote de raton or rat^s sweet 
potato. It develops along its roots many spherical tubers an inch or 
less in diameter, which the Indians dig and cook hke the common 
potato. 

A near relative of the yellow dock, known as cafLaigre {Bumes 
Tiymenosepalus) is another plant whose root is economically impor- 
tant This IS often the first plant to bloom m the spimg on the sandy 
mesas of southern New Mexico The flowers appear as early as Feb- 
ruary in the lower Eio Grande Valley, and by the tune most other 
plants are blooming this has completed its growmg season and its 
fimt stalk and leaves have disappeared For the rest of the year 
the plant consists of a largo mass of fascicled roots similar in appear- 
ance to those of the claldia and about as large They are iiclx m 
tannin and axe employed throughout the Southwest in tarming 
hides Most of the cattle, sheep, and goat skins cured within the 
region are treated with canaigre roots Utilization of the plant for 
commercial piuposos has been attempted Experiments toward tins 
end were successful in demonstratmg the eflicacy of the roots in 
tanmng* 

The problem of fuel m New Mexico has solved itself m much the 
same way as elsewheie. With the advent of the railioads coal mines 
weic opened and coal is largely used m locahties where it is accessible, 
l)ut wood IS still the principal fuel. In the mountams, with the 
forests of pine, fir, spruce, and other trees to draw upon, firewood is 
obtained at no great expenditure of labor. Where available oak is 
preferred to the wood of coniferous trees because of the less amount 
of soot formed by its combustion In the foothills of the northwest- 
ern and western parts of the State pinyon and cedar are the woods 
depended upon The pungent odor of cedar smoke which greets one 
whenever he approaches a human habitation must always be asso- 
ciated in memory with Indian camps to one who has traveled in the 
less frequented parts of the Southwest. 
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In the nvor valleys, often far removed from forested monntams, 
or separatc<l hy almost impassable country, the fuel question is less 
easily solved Theio is a widely quoted that m the South- 

west men foi wood and climb for water ” The first pait of tins 
statement is literally true The people of houtliein and southwestern 
New Mexico, like those of the adjacent le^ions, depend for fuel 
largely, if not cdiiefly, upon a low, straggling, spiny shiub, -which 
Avould ceitamly be ignored by one^not acquainted with its peculiar 
possibilities The mesquito {Prosopis glaiidulom, pi 13) is a "widely 
distributed and chai act eristic plant of all tlio Southwosl, being in 
New Mexico always a lov/ shimb, nevei moio tlian 3 to 5 feet high, 
its slender branches seeming even moie tenuous by reason of the 
sparse dissected foliage wnth which they are invested The blanches 
are so small that even weie they all compressed into a solid block of 
wood they would still supply but scant fuel The sluub^s -value lies 
not in its branches and tiimk, however, but m its loots Wlien the 
sand heaped about the stems is pushed away and the loots uncov- 
ered it becomes evident that the mesquite can be a source of a large 
amount of fiiewood The roots have been developed more than is 
common in woody plants, presumably that they may serve as stor- 
age organs for water, and thus enable the shrubs to exist in the and 
regions where they grow Many of the native Mexicans earn no 
inconsiderable part of their livelihood by digging mesquite roots 
upon the mesas or m the waste land of the valleys Each bush yields 
a large amount of wood, but there are no data available from which 
to deterimne the amount per acre While in the form of very thick 
and gnailed hard roots, exticmely difficult to cut or split, when 
finally pioparod for the stove or giato the wood is of unexcelled 
quahty It can be burned green, but is improved by diymg The 
tops or branches are usually thrown away. Ummproved land in 
the valleys is generally covered with mesquite and removal of the 
bushes and roots must precede cultivation ^ 

A near relative of this shrub is the torndlo (Stromhocarpa pubes- 
cenSj pi 4, A) or screw bean, which receives its Enghsh name— the 
exact equivalent of its Spanish one — from the shape of its pods, 
which are coiled into a long cylinder so as to resemble a sciew. In 
the case of the tornillo the stems, not the roots, furnish fuel. These 
are httle larger than an ordinary broomstick and would appear to 
bo an unsatisfactory source of heat, but thousands of loads of them 
are cut in the valleys every year The bushes grow only in the allu- 
vial lands When cut off near the ground, they sprout up and are 
soon ready for cutting again. 

The land immediately bordering the principal streams is nearly 
always covered with bosques or groves of the valley cottonwood 
{Populus vmhzem) accompanied by a tliick undergrowth of small 
shrubs. The cottonwood, which often reaches a large size, is used 
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principally in the construction of houses, corrals, and shelters. The 
wood IS so soft that it burns almost as rapidly as paper and produces 
an intense heat but of short duration The large trees seem immune 
to destruction as long as left to the native people, who are apparently 
baffled by their size In some localities one sees men going miles to 
dig mesquite roots, an operation requiring the hardest kind of labor, 
while along the roads he huge trunlcs of fallen cottonwoods, untouched 
because the people do not know Alow to cut them up. 

Best known among all the handiwork of the North American 
Indians are the splendid rugs made by the Navahos, whose reserva- 
tion occupies the northwest corner of New Mexico These blankets, 
whose workmanship would be a credit to any civihzed people, notwith- 
^ standing the crude methods of their manufacture, are noted for the 
permanence and harmony of their colors. To-day the raw wool is 
colored with imported synthetized dyes, but formerly all the colors 
of the blankets, hke those of other similar articles, were obtained from 
native plants or mineral substances Red was produced by a decoc- 
tion of the mountain mahogany {Cercocar'pm farmfolvm), the 
powdered bark of the alder {Alnus tenmfoha), and the ashes of the 
cedar {Juniperus moTiosperma and J utahensis) Yellow was 
obtamed by rubbing the wool with a paste made from the roots of 
cahaigre or by using an extract of the flower heads of rabbit brush 
(Chrysothamnus spp ) Black was produced by a decoction of the 
leaves and bernes of the lemita {Schmaltzia tnlobata) combined with 
calcined gum of the pinyon Other tnbes elsewhere m the State used 
different plants to secure the same results 
There is not space here to enumerate any of the plants used 
medicmally by the Indians; indeed but httle is known or probably 
ever will be known of this subject To almost every plant some real 
or fancied medicmal virtue was assigned While many of these uses 
were purely empirical, others doubtless were based on some substratum 
of fact There is a common herb which is reputed throughout all the 
West and Southwest to be a remedy for the bite of the rattlesnake 
Others were used to treat the stings of venomous msects and of 
spiders and scorpions. Nor is there space for the mention of any of the 
forage plants, iu v.hose vanoty and abundance consists New Mexico’s 
greatest natui’al resource, fuiiiislung sublenanco to thousand^ of head 
of stock each year A secoml ginat asset lies in the extensive forests 
which cover all the mouiitams Those plants wiueh are here briefly 
noted are but the most conspicuously lutciesLiiig ones, but there 
remain many more which are equally or more deserving of mention 
and may bo shown by investigation and exploration 1 o be more useful 
to man 

The photographs for plates 4^4, 6, andl2J., were courteously supphed 
by the Biological Survey, U S* Department of Agriculture, They were 
made by Mr. Vernon Bailey* 
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By WiLLL^M R Maxon 


Although the name tree fern is occasionally giyon to any large 
fern of treelike form, it has come by common usage to have a defimte 
apphcation to the members of a single family, the Cyatheaceas, and 
in so far as any one descriptive term can apply to a large group of 
world-wide distribution, whose distinctive technical characters are 
minute and not always very obvious, the expression is a singularly 
appropriate one. The Cyatheaceae are known as tree ferns because 
the great majority of the species are essentially treehlm in size and 
proportion and have strong woody trunks, often attaimng a height 
of 40 feet or more 

One may easdy imagine the feeling of surprise with which the 
early voyagers to the New World, looking upon the wonderful pro- 
fusion and luxuriance of these enormous plants, contrasted them 
with the relatively small ferns of Europe One wonders also at the 
restraint and rather passive scientific attitude of Sloane, one of the 
earlier Enghsh writers upon the West Indian flora, who, havii^ 
accompamed the Duke of Albemarle upon his voyage to Jamaica in 
1C)89, tliub qaaiiifly describes a common ^species* aspera), 

a=. lie obsoi \ ed il m that island 

This has a trunc twenty Foot high, as big as ones Leg, (after the manner of Palm- 
trees) undivided, and covered with the remammg ends of the Foot-Stalks, of the 
Leaves fallen off, which are dark brown, as big as ones Finger, two or three inches 
long, thick set vnth short and sharp prickles At the top of the trunc stand round 
about five or six Leaves, about six Foot long, having a purple Foot-Stalk, very thick 
beset with short, sharp piickles on its backside At about a Foot distance from the 
Trunc, each Leaf is divided into Branches set opposite to one another, placed near 
the bottom, at about six Inches distance from each other 

The ultimate divisions (segments) of the leaf are mentioned as 

about one third of an Inch long, and half as broad, blunt, easily indented about the 
edges, of a dark green colour above, pale green below, very thin, and so close set to 
one another thai there is no defect or empty space between them 
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From tins description^ brief as it is, seyeial of the most character- 
istic features of the gionp as a whole may be noted The single and 
simple unbianched trunk or stem, after the manner of palm trees/' 
the spreading circular crown of ample fioiids surmounting the stem, 
the Jightor color of the under siuface of the leaf, which inay bo 
obseived in nearly all Cyatheacein, not a few of the species being 
grayish oi even whitish below, and aboyo all the ^ Vlose-set" divisions, 
without ^‘defect or empty space between them," a feature which m 
connection with the enormous size of the fronds of many species 
lends to tree ferns their greatest charm, that of surpassing leafiness 
and vigor 

For the benefit of the ignorant or of the superficially minded 
Sloane adds* 

From these Trees growing on the Mountains of Hispaniola the Spaniards argued the , 
fertility of that Soil, making Ferns giow to such a vast bigness, which m Europe were 
so inconsiderable, not considering that the Ferns m Europe and here, were quite 
different kinds one from the other 

Not alone in dimensions, but also in techmeal characters of struc- 
ture are the huge feins of tliis alhance distinct from those of conti- 
nental Europe Sloane caDs them trees," and to this day the term 
'Tern tiee" is employed m Austraha as commonly as our more 
famihar "tree fern" for membeis of the Cyatheacese "Fem-treo 
gullies" IS there a common expression, apphed to deep shady raymes 
of the moister coastal regions haying a dense growth of Cyatheacese. 

ARBORESCENT HABIT 

A typical group of tree feins of difierent ages is shown in plate 1, 
a scene in Guatemala. The species is Cyathea 'princeps (often kno^yn 
as G Bourgaei, and described more recently as 0 Munclm)^ a rather 
uncommon plant which ranges from the moister parts of Mexico to 
Alta Verapaz, eastern Guatemala Not all species of Cyathea have 
their fronds so rigidly ascendmg Indeed, Cyathea arborea, which 
IS the commonest and perhaps the most graceful North American 
member of the genus, will be seen (ph 2) to have them laxly archmg 
or even drooping. The direction of the fronds, however, in many 
species depends much upon the age of the plant. Thus, the smaller 
" individual at the right in plate 1 owes the upright position of its 
fumckin part to its quick, vigorous growth and partly, no doubt, to 
the need the plant has of stretching its leaves up toward the level 
of the rather dense surrounding undergrowth, where of course the 
sunlight is much stronger than below 
Trro ferns may in fact be regarded as "stanrhmr on liptoo" m 
tliou* effort to secure light and air They are ( ihfwo 
moist, densely forcbtod, tropical regions where then soiniggle for 
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very existence is sharpest, and where, except for the acquisition of 
this trait or of some other to give them special advantage, their life 
would indeed be short To meet the same conditions ferns of other 
families and of inaii}^ tribes and genera have shovoi wonderful adapt- 
ability of (hfferent sorts, both in structure and change of habitat, 
two of the most common instances being the development of the 
chmbing form and epiphytic habit of growth In the intensely wet 
and heavily forested mountain region of Chinqui, for example, prob- 
ably three-fourths of the ferns are epiphytic To make best use of 
the arborescent habit, the growth of the tree-fern stem must be steady 
and of a permanent character, and we find that moist tropical con- 
ditions usually permit this, however slow may be the rate of develop- 
ment from season to season 

^ Before proceeding, however, to a discussion of the widely different 
forms assumed by the many species, or of the more minute technical 
characters which servo to distmguish the genera and species, it may 
be well to note bnefly the general factors which appear to control the 
distribution of tree ferns m North America 

pistribution and habitat. 

As already indicated, tree ferns are characteristically inhabitants of 
wet, forested, tropical and subtropical regions and reach their best 
deyelopment in mountamous districts which are not subject" to 
drought or pronounced seasonal change. In the Greater Antilles 
, they are found mainly upon thejiorthern slopes and summits of the 
lugher mountams, as, for example, the Sierra LuquiUo of Porto Kico 
and the Blue Mountams of Jamaica, where the cool, moisture-laden 
trade-winds from the northeast hrmg a constant and ample supply 
of moisture The fern vegetation to the south of these mountains is 
more or less strongly xerophytic, both islands mentioned even havmg 
a semiarid region of cactus and scrub growth Similar conditions 
^ were noted in the Sierra Maestra of Cuba Here on the compara- 
tively dry southern slopes of the peak Torquino at 3,500 feet I 
found plants of CyatTim arlorea, a species which in Jamaica and else- 
where in the West Indies rarely ascends to more than 2,000 feet 
Associated with it were several polypodiaceous ferns which ordinarily 
^ are characteristic of the lowland forests and whose occurrence here 
so far above their usual limit is in all probability directly corrdated 
with moisture supply. The southern coast in the lee of the Torquino 
^ is latensdy hot and semiarid, with a dense ^'chaparal’^ formation 
(including cacti), wholly unsuitable not only to tree f^ms but to a 
majority of ferns of other families, as well 
Similar conditions upon a grander scale are observed upon the 
continent, the tree ferns being practically confined to the humid 
38734 ‘='-*sm 1911 ^30 
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Atlantic slopes and to the high mountains Thus, in the mountain- 
ous parts of eastern Guatemala (Alta Verapaz), where according to 
the native saying ^'it rams 13 months out of every 12,^^ tree ferns 
are exceedingly abundant, a few species occuirmg at and near sea 
level, but the most of them at fiom 4,000 to 6,000 feet altitude 
West of this region, in the dry interior basin., they are wanting; and 
only two species, CiboUum Y^endlandi and Eemiteha costancensis, 
are reported from the higher region near the Pacific, even the moist 
forest belts of the volcanoes Fuego and Agua havmg none, so far as 
known. 

In Costa Pica a relatively small number of tree ferns aie found m 
the moist Atlantic lowlands, but they are elsewhere of very general 
occunence, excepting only the half dcserthke slopes facmg the Pacific 
and the dry and open portions of the mtenor table land, which has 
a temperate and delightfully equable chmate The latter area 
(meseta central) is relatively small, and one has only to go out a few 
Holes to the lower mountain slopes to find tree ferns in profusion. 
The greater part of Costa Rica, however, and by far the most inter- 
estmg, is the exceedmgly broken, mountamous region to the north- 
ward, from which rise the four great volcanic peaks Tumalba (11,128 
feet), Irazu (11,312 feet), Barba (9,412 feet), and Poas (8,786 feet), 
from east to west These intercept most of the moisture from the 
Gulf, and it is here that the Cyatheacese reach them highest develop- 
ment, both as to species and size and number of individuals, m any 
part of North America. Christ, indeed, regards it as ^^the richest 
tree fern region of the world ” Certainly it is an endemic center of a 
high order, and when adequately explored is likely to yield many 
more than the 60 species it is now known to contain. It embraces 
altitudes above 5,000 feet, and although snows are wanting from all 
Costa Rican volcanoes, heavy frosts occur more or less regularly from 
6,000 feet upward. The extremes of temperature endured by the 
tree ferns of this region must he very great. 

Chinqiu, the westernmost Province of Panama, apparently does 
not differ greatly from Costa Rica as a tree fern region Although 
there are a few coastal species, here also the great majonty are found 
in the high mountains, wluch form a definite cordillera parallehng 
the coast line, east and west Recent exploration has shoivu that 
they are mainly those known hitherto only from Costa Rica The 
Cordiliexa gradually decreases eastward, until in the Canal Zone only 
three or four lowland tree ferns are found. One of these, Hamiteha, 
fetiolata, first described from Panama, is common m ravines and wet 
thickets. 

Tn ilcxico, as might be expected, tree ferns are wanting from 
the mtenor, and, high plateau region, whose flora has been so thor- 
oughly investigated dunng the past 35 yeais Upward of 20 species 
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of Cyatheacese aie luaowTi from Mexico, but almost the only leceut 
material of these is that secured upon occasional exclusions from the 
tableJand into the moist lower regions borclenng the iurra cdliente 
of Vera Cruz 

In the several regions mentioned a few tioe ferns are found to be 
partial to the lowlands Among the West Indian species of this class 
ma}^ be noted Cyaihea arhorea which, however, as already explained, 
exceptionally occurs high up on the southern slopes of the Sierra 
Maestra, findmg there congemal surroundings which are wanting at 
a lower altitude in this legion. Upon the continent Ahopfnla micro- 
donta IS found near sea level from Mexico along the Atlantic to South 
America Alsophila myosin oides shows a similar jirefcrence fur low 
altitudes, its known range extendmg on the mainland from Vera 
Uruz to Honduras, and including also Cuba and the Isle of Pines. 
Anothei and very lemaikable species of Alsophila (A 'blecTinoides, 
described heieafter) ranges along the Atlantic coast from Guatemala 
to Tnmdad The occuiTence of Hemitcha fetiolata m the moist coastal 
woods and thickets of the Canal Zone has already been mentioned 
Further examples might he cited 

There are still other species which, though occumng commonly 
at a low elevation, yet show a considerable altitudmal range; for 
example, Alsophila aspera, which in Jamaica extends from about 
1,000 to 4,000 feet altitude A better mstance is that of Hemxteha 
muUijlora {Hemiteha mgricans)^ winch exists mainly as a sea-level 
species from Guatemala to Panama, along the Atlantic, but never- 
theless ascends to nearly 4,000 feet in Costa Pica There are, 
doubtless, many tree ferns wluch are more lesistant than others 
to untoward conditions of enviionment, or less particular in their 
requirements of soil, shade, and moisture, which occupy similarly 
broad belts. In fact, local and hardly appreciable conditions of 
exposure and air dramage, as well as more obvious differences of 
humidity and topography, may be supposed to exercise great mflu- 
ence m determining the distribution of tiee ferns as of other plants 

Certam tree ferns occur typically as undergrowth m the dense 
shade of lofty forest trees, for example, Gyathea gracilis ^ a Jamaican 
species wliich grows usually m peaty soil in wet, sheltered depressions 
The trunks of this, though commonly short, sometimes reach 8 to 
12 feet, whereupon, according to Jenman, they ^^frequently fall and 
lie procumbent, though this does not much affect the growth In 
the mountain ravines of Java and Malaya there occurs also, accord- 
ing to Christ, a definite thicket formation of tree ferns, “over which 
the crowns of the forest trees form a second forest.’^ A similar 
“under-forest'^ formation an which screw pines (Pandanus) are 
associated with tree ferns is mentioned from Celebes. These dwarf 
tree-fern associations at high altitudes are beheved to fill the import 
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tant rdle of conserving moisture by preventmg radiation and the 
consequent diymg out of the forest floor 

Peihaps a majority of tree ferns, however, occur as an mtegral 
part of the predominant forest growth, their crowns often reaching 
nearly or quite to the level of the tree tops, or m not a few species 
even exceedmg it , as, for instance, Gyathea puiescens, one of the tallest 
Jamaican species, which attams a height of 40 feet oi more upon 
the heavily forested higher ndges of the Blue Mountams and easily 
thrusts its crown above the surrounding deciduous forest. There 
are also certain species, hke AlsopTiila parvula, Gyathea furfuraceaj and 
G insigniSj which in Jamaica grow indifferently m open and shaded 
situations, though their occurrence in the open may have followed 
naturally fiom the partial and piecemeal clearmg of the land, the 
small cleared patches remaimng under cultivation only a year or 
two before rapidly growing up to bush. It is noticeable that those 
individuals growing in the open often acquire a condensed or stunted 
form, as described later. 

At least one species, Gyathea arhorea, flourishes m open situations, 
commonly m veiy large colomes Jenman has described it m 
Jamaica as gregarious, often covering acres on fuUy exposed slopes, 
everywhere shumnng shade ” Perhaps on the latter account, and 
also because of its ubiquity, it is found more commonly than any 
other about dwellmgs and plantations, its huge, lacehke fronds 
lending an unusual decorative charm to scenes already novel and 
interestmg to northern eyes. The formation of groves by this 
species in relatively dryish, open situations is almost umque for the 
family, although a few (e. g ^AlsophiJa armata) aie more or less gre- 
garious in partial shade, and many others of our American species 
are found in colomes in the deep, wet forest. In New Zealand the 
social tendency has even resulted in the formation of large groves 
under intensely humid conditions One of these, which Colenso 
came upon in the forest called '^Seventy-nule Bush,” in North 
Island, IS described by him as follows 

On a flat in the heart of the forest, in a deep hollow lying between steep hills, the 
bottom of which for want of drainage was very wet and uneven and contained much 
vegetable mud and water even in the dryest summer season, I found a large and con- 
tinuous grove or thicket of very tall tree ferns, chiefly Dwhsoma squarrosa and D 
fibrosa, with a few of OyotJiea dealbata intermixed, with but few forest trees and shrubs^ 
growing Scattered among them I suppose they occupied about 3 roods of ground, 
and I estimated their number to be 800 to 1,000. They were all lofty, from 25 to 35 
feet high, and in many places growing so close together that it was impo=?sible ^ o forf'e 
one*B way through them 

Concerning tree-fern formations of this sort m both Ne^v^ Zealand 
and Australia, Christ has pointed out that they rarely consist of a 
single species, but are as a rule mixed associations of two or more 
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species, for example, Hemiielia Smithii with Oyatliea 7nedullans and 
0 dealhata 


DBfENSIONS AND SHAPE OF TRUNK 

The stem or trunk in the Oyatheaceis vanes gi'eatly in dimensions, 
shape, and direction, and in most characters of outward appearance 
and covciing, though for a given species these features are, with a 
few exceptions, fauly constant m mature mchviduals The tallest 
tree fern known is AlsopM-a excelsa, a nearly extmct species occurring 
upon Norfolk Island, to the east of Austiaha, whose trunk John 
Smith has stated to measure from 60 to 80 feet in length Scarcely 
inferior to this is A MacArtliui% found upon Loid Howes Island, 
which, accorchng to Maiden, attains a height of from 60 to 70 feet 
^Among Amencan species the nearest approach to these dimensions of 
length IS found, peihaps, in Alsoplnla arrnata, which Jenman recoids 
as sometmies reachmg 50 feet in Jamaica, ^'the head gradually 
dimimshing in size as the stem lengthens 

The smallest member of the family in the world is AhopTvila Euhmij 
recently described from the Cordillera of Colombia, m which the short 
rootstock IS erect and the leaves (mcluding the leaf stalks) but 8 
inches long, the blade less than inches broad. The smallest of the 
North American species is the Jamaican Cyathea Nockii (pi. 8), looking 
most like some coarse bipmnate wood fern (Dryopteris or Poly- 
Stichum), its relatively stoutish stem 4 to 8 mches long, prostrate 
upon the ground and rootmg underneath, its fronds 1 to 3 J feet long, 
borne in a crown. 

Certain species show, likewise, a slenderness of stem which is aston- 
ishing m 1 elation to the enormous spread of crown, while others have 
remarkably tluck trunks which are of veiy different internal struc- 
ture The slenderest North American tree fern known to me is 
Cyathea minor of eastern Cuba, whose trunk measures only 1 to 1 J 
inches in diameter, though rising to a height of 6 to 12 feet. A 
Ceylon species, Cyathea sinuataj with curious narrow, nearly entire 
strap-shaped leaves, is even more slender 

Exact data upon the thickness of tree fern trunks are not very 
abundant. Darwin, in the Voyage of the Beagle, mentions a trunk 
(the genus and species not stated) in Van Diemen's Land which had 
’a circumference of 6 feet, nearly 2 feet in diameter. Mr. H. W. 
Henshaw, of the Umted States Department of Agriculture, measured 
trunks of Cibotium (supposed to be (7 Men^iezh) in the district of 
Olaa, Hawaii, many of which (mcluding the dense covering of adven- 
titious roots) were 3 feet in diameter, and a single one 4 feet. These 
are said to have grown usually as undergrowth in the forest, hut also 
in partial clearings, where they attain a height of 40 feet, large 
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numbers being fiom 20 to 30 feetlugb, tbe usual shape of the trunk 
was cylindrical j although many showed a conical form at the enlarged 
base Among North American species the largest known is Oyathea 
Bruiie'hi as it occurs on the lower slopes of the Volcano TurriaJba m 
Costa Rica The trunk of this is nearly cylmdncal and very stout, 

12 to 15 feet high, 12 to 20 mches m diametei, and clothed with the 
dead hangmg fronds of previous seasons, the fronds measure 12 to 15 
feet long and 5 to 6 feet broad — truly a giant among ferns 

It is mterestmg to note, however, that m addition to the two very 
small American species pieviously mentioned a fair number of Cya- 
tbeaceee have failed to develop a pronounced npiight habit, and that 
several of these are among the largest-fronded species of the family, 
for instance, Alsophila quadnjnnnata (A prmnata) and several species 
of Hemiteha, section Cneimdaiia The former, which m one state or 
another langes through the West Indies and from Mexico to Cbile, 
has enormous fionds, 9 to 15 feet long, borne m a spreading crown 
from a short erect stem which is rarely more than 3 feet high and 
usually much less, averagmg perhaps 1 foot high, with a diameter of 
3 to 5 mches. Jenman has called attention to the fact that the stem 
of this commonly ^^buds and thiows up fiom the base a number of 
mmor stems about half the size of the primary ono,^’ a condition 
which IS comparable to the development of the fasciculate or multi- 
cipital crown m the male fein (Dryoptensfihx-mas) and other common 
northern species, but winch is not found m many Cyatheacese The 
Cnemidaria species mentioned show a wide amount of variation in 
length of trunk One or two South Ameiican members of this small 
and exceedingly interesting section have tall slender trunks, but most 
of the North American representatives have the stem either short (1 
to 3 feet high), thick, and erect, as in Hemiteha (Cnemidaria) Tiornda 
(pi 11), or a little longei, and weakly ascending, rarely attaming the 
dignity of a trunk 

TYPES OF UPRIGHT TRUNKS 

Two mam types of upright trunks may be distinguished readily 
among the American Cyatheacese The firsts in which the fronds, hke 
those of Cyafhea arborea, fall completely from the trunk in old age, 
leaving clean-cut scars, a second type, m which the fionds are imper- 
fectly jointed to the trunk and thus are slowly deciduous, commonly ^ 
hangmg for several years after dying, and even when fallen leaving 
parts of then bases as a rough outer covermg to the trimk. More 
species have trunks of the first sort than of the second, but the latter 
condition IS not at all uncommon, and is apparently the rule for species 
of Dicksonia. It is common also to many species of Cyathea, among 
which may be mentioned C. nigresce/is in Jamaica and C araneos,a m 
eSuba* Some species me mtennediato in this respect, and many ( e. g., 
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the West Indian Cyailiea elegans and Also fluid ayuihria and the Costa 
Kican A cra-ssifolui) ^ which exhibit this character to a maiked degree 
in their young state, in age develop clean trunks, vith definite cven- 
sm faced scars ^ The appeal ance of a trunk sheathed with broken'or 
hanging fronds is much less attractive than that of stems from which 
the leaves are freely deciduous, yet a few, like Cyaihea Brunei, more 
than make up in slieer massiveness whatever they may lack in ele- 
gance and graceful proportion 

The arrangement of the leaves upon the stem may be observed 
best m species which have smootlush timnks, as m the common 
form of Cyatliea arTyorea, shown in plate 3, figure A. In these the 
leaf scars may be either widely spaced or lather compactly set 
together, forming a loiigh but legular mosaic pattern, if the latter, 
,the tiiiiik is said to bo tesselate In most there may be noted a 
definite spiral airangemeut, which dillers accordmg to the species 
and, exceptionally, among individuals of the species In Cyaihea 
aureonitens, howevei, and probably in otheis, the scars aie not 
spirally aiianged nor closely set, but unifoimly appear in distinct 
horizontal zones, the six to eight leaf scais of each forming a separate 
distinct girdle about the trunk, S to 1 2 inches from the one above or 
below 

BESTING PEBIODS 

Cyaihea aureomtem has also another unusual feature, that of 
shedding aU its fronds, after maturity, at one time, seasonally, 
a trait winch it shares with several other species of the same genus, 
Cyaihea concimia and C Tussacii of Jamaica and C insigms of 
Jamaica and Cuba Conceining the fiist of these Jenman lemarks 
that ^‘hke 0 Tussacii, in the resting season, in late spring or toward 
midsummei, it drops all its fronds, the large stout trunk, a uniform 
diameter from top to bottom, standing, posthke, till growth begms 
agam/' With respect to 0 Tussach he writes, *‘In some instances, 
late in the resting season, about May or June, the fronds all drop 
away, leaving the bare trunk. When vegetation begms agam a 
whorl is thrown up together/^ Oyathea I'nsxgnu, also, “like the 
two preceding, makes its growth periodically, throwing out a tier of 
fronds at once and then resting for an interval In Cyaihea 
* mreonitenSf as I have observed it in western Panama and Costa 
Eica, not only the large tnpirmatifid fronds themselves but also 
their component leafy parts, the pinnse and pinnules, are sometimes 
freely deciduous; the latter were even observed to fall fii’st, leaving 
the leaf stalks and nearly bare midribs of the huge leaves standing 
out temporarily hko stout whip stalks before they also should fall 

1 A similar tendency toward bushy , ■-> • Pi >''.j ii j- , ; 0 "-> icn> 1 i . i i*', u.' to young plant*} of certain 
jjalmSj BSj for example, the common ' I lH i » n > < it-.v// , 
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Other species show this trait to a lesser extent, and while a few 
seem to maintain always their full complement of leaves, it is doubt- 
less true that most tree ferns bear their greatest number of leaves 
duiing the moister, vegetative season, and a smaller number while 
resting between active growmg periods An accentuation of this 
tendency might easily lead, and doubtless has led, to the complete 
seasonal sheddmg of fronds m the several species mentioned. This 
conclusion is strengthened by our knowledge of the development 
of the habit by different species upon widely separated areas, sCnd is 
not mvahdated by the fact that these are associated with other 
species, apparently under identical conditions of enviroiiment, m 
which this trait is not in evidence 

VARIABILITY IN BATE OP GROWTH — AGE 

Of the species which under humid forest conditions ordinarily 
produce lofty trunks, certain mdividuals growing in more open 
situations will often be found much reduced m stature. One of 
the best illustrations of this to come under my observation is that of 
Cyaihecb furfuTOcea, a species which is veiy common m the forests of 
the Blue Mountains of Jamaica, occupying a broad belt between 
4,000 and 6,000 feet, and occasionally attaining a Jieight of 40 feet or 
more Dwarfed specimens upon partially cleared slopes, although 
often only 3 or 4 feet high, still retain their erect arborescent character, 
however slow the development of the trunk may be, and differ from 
the more luxuriant individuals growing in moist shade mainly m 
their smaller fronds and more closely set leaf scars, the last a defimte 
mark of the plants of slow growth The same species as I met 
with it upon the shrubby open slopes of the Gian Piedra in eastern 
Cuba, at 4,000 feet elevation, is even more reduced, its trunk measur- 
ing from 1 to 2 mches in tluckness, its fronds one-third to one-half 
their usual size This phenomenon of reduction in size as a result of 
excessive insolation, and consequent drymg out of the substratum, 
IS commonly observed in most groups of ferns whenever plants 
normally shad© inhabiting are thrust into the open Johow has 
stated that the great tree ferns of Juan Fernandez develop as well in 
the sun as in shade; but such a condition, we must beheve, is excep- 
tional. 

Another excellent example of the variability in rate of growth is 
found in Oyathm arborea, as evidenced by two trunks, both of this 
species (shown at one-half natural size m pL 3), which I collected 
upon the southern slope of the Sierra Maestra of eastern Cuba in 
March, 1907, The plants of which figure A represents a typical 
trunk section were about 35 feet high and slender, with a compact 
crown of medium-sized leaves spreading widely fi’om the tnmk, 
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tlieir attacliment being neaily at light angles The plants of which 
figure B represents a tiunk section were rather shortei and more 
robust, with an immense crown of larger fionds rising from the 
trunk hke a huge funnel, their leaf stalks being suberect and in 
attachment extending from the apex a chstance of several inches 
down the trunk At the time these plants were collected they were 
believed to lepresent two very different species Neveitheiess, 
upon careful study subsequently it was found that they possessed no 
technical differences whatever by which they might be lecognized 
as distinct, aside from the difference m shape and size of leaf scam, 
even the scales of the tiunk and leaf bases being exactly ahke except 
as to size, and the conclusion was forced that these weie forms assumed 
by a smgle species, the diffeiences noted m the trunks being dependent 
upon the age and vegetative vigoi of the plants This conclusion was 
substantiated latci by an examination of seveial livmg West Indian 
plants of tins species in the conseivatones of the New York Botamcal 
Garden, in winch both kinds of scars were found to occur upon the 
same mdmdual, each m a separate zone. In one cultivated plant m 
particular it was clear that a penod of rapid vigorous growth, as 
indicated by a sequence of long-elhptical distant scars, had been 
followed by a penod of diminished growth, durmg winch the elonga- 
tion of the stem had proceeded but slowly* The record of the latter 
period was plainly written in the zone of closely set, rounded to 
subhexagonal scars, the shape and position of these obviously havmg 
resulted from the crowding of the leaves at the apex of the very 
slowly lengthening stem. I have noticed a similar variation in the 
rate of growth in other arboiescent species of Cyatheaceae, but none so 
pronounced as in Oyathea arhorea 

The age of the larger tree ferns is dijEcult to determine, and I am 
not aware that any authentic data are available Certain specimens 
in Jamaica have been reckoned 200 years old, which probably is 
too high an estimate, although many mdividuals doubtless attain 
an age of at least 100 years, if we may judge from the apparent rate 
of elongation of the upper stem Growth, however, is more or less 
periodic at some stage m the life history of most laj'ge tree ferns, 
depending upon favorable or unfavorable seasons and upon various 
factors of environment, and the only reliable means of arriving at 
the probable age of such individuals is from an extended series of 
observations, over a long penod, of plants growing in their native 
environment 

BRANCHINO OF TRUNKS — ^ADVENTITIOUS GROWTH. 

The upnght stems of tree ferns are usually simple, but there have 
been put on record several instances of occasional forking of the 
trunk, and in a few species the tendency is rather pronounced. 
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Jenman cites AlsopTnla armata and Cyathea furfuracea on Jamaica as 
occasionally branched and havmg two or more ciowns, and AlsopTi'ila 
aspera as having produced in one mstance several stems from a 
smgle base The peculiar Dicksoma Berteroana of Juan Fernandez 
IS said to divide at the base, having branches up to 18 feet long and 
“thick as one^s leg A notable mstance also is that of a New 
Zealand species, Hermteha Sm%ih%iy as described and figured by 
Buchanon, m winch a specimen 16 feet high had no less than 16 
branches In Alsoplvila quadupinnata, previously mentioned, the 
branching is at or near the ground, as m Dicksonm Berteroana 

Christ has also mentioned on Werclde^s authority a remarkable 
example of adventitious growth m a Costa Eican tree fern {Cyathea 
sp ) which IS worthy of further mvestigation In tins plant buds are 
said to have been borne m all the axils of the leaves, their position 
therefore bemg at the upper side of the leaf scar after the fronds were 
fallen from the trunk Although a comparatively small number of 
these developed, yet the stem was several times branched at a height 
of 5 feet, and the larger of the branches formed a beautiful crown of 
more than 25 branches 

In a large number of Cyatheacese havmg treelike stems one of the 
most conspicuous features is the development of adventitious roots, 
which encircle the older portions of the trunk ui a hard, wiry, closely 
interwoven mass, very much like bark These roots are commonly 
produced in great abundance, often wholly obscuring the origmal 
propoi lions of the stem, which may, mdeed, appear m cross section 
merely as a coie, measuring but one-fourth to one-half the total 
diameter* Toward the bottom of the trunk they are especially 
abundant, as might be expected, and frequently occur m such quan- 
tity as to form a massive comcal base, which undoubtedly serves to 
give stability to the lofty stem, as m Cyathea mprastngosa {C» con- 
spima)j a species inhabitmg the upper slopes of several Costa Rican 
volcanoes, whose huge base is said to measure a full 5 feet m diame- 
ter* There can bo little doubt also that the formation of the dense 
indurated covermg of the lower and middle portions of the trunk 
proper gives great strength and rigidity to the otherwise slender 
stem, which better enable it to support the weight of the upper 
part, including the great spreading crown of succulent leaves The 
production of these aerial roots is apparently contmuous, the diame- i 
ter of the complete “trunk^^ (stem and aerial roots combined) thus 
roughly keeping pace with the elongation of the trunk 

Tree fern trunks of this sort are the favorite homo of many filmy 
ferns (Hymenophyllacese), a few of which, liko Tnchoiaanes capil- 
laceum (T. tricTioideum) , are not often foand lu oIIict places The 
sight of a huge fern trunk, its rough surface cloihed on all sides m a 
iacehke mantle of tliDs most delicate of all ferns, each of then* han- 
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like divisions with its tiny diop of moisture spur Id mg m the soft 
half light of the cool forest; and the unbroken silence of the forest 
itself create an mipression not readily to be forgotten 

In Hawaii and elsewhere aenal root masses are cut from the stem 
and fashioned into hangmg baskets for the cultivation of ferns, 
orchids, and vaiious epiphytes. They are adniiiably siiitedi to this 
purjiose, the mtersticos among the closely iritei woven roots affording 
a ready outlet for excess watei 

TREE FERN TRUNKS AS IIMBEE 

The illustration shown in plate 4 is of a building at Sepacuit6; 
Alta Verapaz, Guatemala, whose outei upright timbers are mostly 
tree fern trunlcs, loiighly squared and set on end close together. 
The country immediately suiroundmg Sepacuit6 is for the most 
pait heavily forested, except in the areas cleared for coffee planting, 
and smee many species of tree feins still abound, the use of them 
trunlcs m building is not zemarkable I am informed, however, by 
Mr O F Cook, of the United States Department of Agriculture, who 
has traveled extensively m this region, that elsewhere, even under 
conditions of consideiable difficulty, a similar use of these timbeis is 
made, indicatmg the high value placed upon them Cook 

wiites as follows 

Though Guatemala is naturally a countrj^ ot hea\ 7 ’ forests, wood foi building pui- 
poses, 01 e\ en for fuel, is a scarce and expensive article in most of the larger towns, 
all of the neighb<5rmg forests ha-v mg been cut long smee and burned to make room 
for cornfields Ever 5 rthmg m the way of wood has to be brought down from the 
mountains on the backs of men 

Bui mg a visit to Coban, the capital of the Department of Alta Verapaz, in 1904, 
many Indians vere seen carrying tree f cm trunks through the streets On inquiry 
it was learned that the fern logs command a higher price than any other kind of wood, 
and are looked upon as the best of building matenal The special value of the feni 
wood lies in the fact that it withstands the attacks of the temntea and does not decay- 
The termites, or so-called white ants, are wood-bonng insects that are very destruc- 
tive to buildings in tropical countries 

The fern trunks have a diameter of G or 7 inches They are usually flattened on 
two sides or roughly squared and are set upright to support the framework of the 
native houses The waUs are filled witli clay or loose rubble of clay and stones 
The surface receives a coating of plaster in the interest of appearances and as a pro- 
tection against the weather 

The fern timbers are entirely black in color, like wood chaired in fixe The tex- 
ture appears rather loose and open, the outer layer bemg mainly a compact mass of 
small roots, but the elements have a gla^y hardness that makes it easy to understand 
their resistance to all forms of decay or insect injury When houses become dilapi- 
did ed n ith age tlie fern trunks are taken out and used over agam and are considered 
quire imperishable 

Jenman mentions a somewhat similar use of the trunks of OyaiJm 
arhorea by tlio blacks in certain parts of Jamaica as posts for tlicii 
bouses, statmg that no other species is there applied to this purpose 
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According to Christ Alsophila elongata is thus utilized in Colombia, 
and the trunks of I)%ckson%a Sellomana m Brazil by planters in 
making inclosures for them farms In Colombia Mr Frank M. 
Chapman has observed the occasional use of tree fern trunlcs ^'pos- 
sibly 14 feet in height above the surface of the ground'^ as telegraph 
poles, although as a rule bamboos are ordinarily there used for tins 
purpose 

Still another use is made in Hawaii of Cibotium trunks, which, as 
mentioned above, there grow to such enormous proportions Mr 
Henshaw states that it is a common piactice to make trails, 1 to 5 
miles long, leadmg through the woods to the coffee plantations in 
the mountams, entirely out of Cibotium trunks, either whole or 
split in halves He adds that the coarse thick covermg of adven- 
titious roots provides a springy, well-drained surface for walking, and 
that trails thus constructed, by the convenient use of these trunks 
as a rough and nearly mdestructible planking, afford ready access 
to plantations through wet forests which otherwise would prove 
almost impassable 

THE LEAVES 

Considerable attention has been devoted thus far to a consideration 
of the rhizome, which has been found to assume different forms of 
growth and to vary greatly in nearly all lespects. A similar diversity 
is exhibited also by the leaves or, as they are commonly called, the 
fronds Of the two tribes between which the North American species 
are divided, the Cyathese and Diclcsomese, the former presents not 
only a far greater variety in vegetative form, but also a much higher 
differentiation of special structures. It will, therefore, be desirable 
to consider the two tribes separately, though it is impossible in the 
present paper to do more than indicate briefly some of the more typical 
structural and vegetative features of each 

LEAVES OF THE CYATHEiE 

The leaves of the Cyathese vaiy in length from 1 foot to 15 feet, the 
two examples previously cited being AlsopTiila Kuhm% and Cyathea 
Brundf respectively In position they have been mentioned as arch- 
il^ in a semierect crown, spreading, or even droopmg, their attach- 
ment (m arborescent species) varying from nearly vertical to hon- 
zontal, and thus determining, in connection with the rate of growth, 
the shape, size, and relative position of the leaf scars In addition 
to the general shape and cuttmg of the leaf blades there remain now 
to he noticed especially the thornhke armature of the stipes (leaf 
stalks) andracluses (primary and secondaiy midribs of I ho bliuk" \ 
the covering of the growing crown, and the pioduction of rmnu Lo scales 
and bans of many different kinds not only upon the vasculai puits of 
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tlie blades, but also upon tbe leaf tissue In these characters the 
members of the tribe Cyathese show almost infimte diversity. 

In many species of Cyathea and Alsoplnla, and less commonly of 
Hemiteha, the irunles are more or less completely covered with 
spines, a fact which no one who has reached out hastily and grasped 
one m a futile effort to stay Ins rapid descent down some steep, 
shppery, forest-clad slope, is likely to deny As a rule, however, the 
tiunlNS are spuiy simply fiom the partial persistence of the broken 
stipe bases, winch indisputably are spmy. Two stipe bases thus 
armed are shown m plate 5; of these figure B represents OyatJiea 
onusta^ and figure C, 0 aureomtem, both species of Costa Rica and 
western Panama The last mentioned is one of those which really 
produce spines upon the trunk also, and these, hke those of the stipe, 
of needlelike sliaipness In certam species the spines arc long, 
straight, columnar, and blunt, in otheis low and broadly conical, with 
a hooked pomt, in still others slender and sharp, but very short and 
closely set The conicah more or less cuived form is the commonest 
one among North American species. In Cyathea arborea (ph 6, fig A) 
they are evident only as low tubercles, and in not a few others they 
are altogether laclang They are usually produced only upon the un- 
derside of the stipe, in some species extending in lessened size and 
number along the rachis weU toward the apex of the blade, as may be 
seen in AlsopMla aspera (pi 7) In color spmes range from yellow 
*to brown, puipie and black, usually talung the color of the stipe or 
presenting a darker and highly pohshed surface They have been 
said to be poisonous, though the truth of this is certainly open to doubt 

The stipe is otherwise furnished with laige protective scales which, 
however varied in character, are as distinctive for each species as are 
the spines of each These scales closely invest the apex of the crowa 
in a thick, upright, biushlilce mass The young fronds, hke those of 
all ferns, as they unroll from the bud carry with them their scaly 
covering. (Plate 6 represents at natural size a young expanding 
frond of Cyathea arhorca.) The gieat majority of the large scales 
which develop upon the frond as it increases in size are, however, 
readily deciduous ; and as a rule only those of the lower stipe, and more 
especially those which aie seated in the deep axils of the stipe bases, 
persist until the frond attains maturity. The latter are precisely 
hke those of the crown, of which, in fact, they are really an integral 
part Thus constituted, the cap or head of the crown consists ordi- 
narily of scales so closely packed together that they serve as a very 
effective, impervious, protective covering, not only against excessive 
moisture and consequent infection from without, but also as a safe- 
guard, enabling the plant to maintain without mterruption its vital 
activities at the one essential pomt, the apex, despite unusual ex- 
tremes of dryness, heat, and cold. The utihty of the chaffy cap is 
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thus obvious 3 for it is inconceivable that without this oi some similar 
protective feature individuals of such slow contmuous growth could 
attam their great size and age Tree ferns mth trunks 20 to 80 feet 
high do not grow in a day 

As offering diagnostic marks to assist in the recognition of the spe- 
cies also the scales are of the greatest mteiest, since however various 
then form, color, and structme these features are usually constant and 
distinctive for each species The largest scales I have seen are those 
which densely clothe the 2-iiich thick stipes of Oyathea Brunei In 
this species the large outer scales are of a sill^y texture, yellowish- 
brown, up to 2 J inches long, in shape very narrowly lanceolate and 
long pomted, boine in great profusion and widely spreadmg, and 
underlaid by successively smaller scales, the innermost of which are 
comparatively minute, slender, stiff, dark brovm, and have minutely 
spiny margins Very few species show so great vanation in this par- 
ticulai The prevaihng color of the scales is some shade of brown, 
rangmg in different species from yellowish or reddish-brown to chest- 
nut-colored, or purphsh-brown, a few are white, others almost coal 
black, and in certain species two colors are strilangly combined. 
In shape there is nearly every variation between rounded-ovate 
and slender almost needlelike form, and m texture from dehcately 
membranous to very thick As a rule, the thickest scales are the 
most highly colored, as m most other ferns The margins of the scales 
may be entire or irregularly lacerate, minutely saw toothed, or, as* 
already noted, even beset with stiff, bristlehke teeth 
Of the North American members of the tribe Cyathese a few are 
bipinnatifid, though most are either very deeply tripinnatifid or 
tripinnate, and a very few quadripinnate or nearly so, none are 
simple* In outline their blades range from lanceolate to broadly 
ovate An example of the tiipinnatifid type is shown in plate 7, 
representmg pinnae of Ahopkila asperaj the plant mentioned by 
Sloane A peculiar, low-growing, bipmnatifid species, Oyathea Nocki%^ 
of Jamaica, is figured at about two-fifths natural size m plate 8. 
Upon the rachises and midvems of most species, and also upon the 
ultimate veinlets and upon the leaf tissue of many of these, occur 
various small, even minute, scales of varied form and color They 
may be flattish or convex, thick or exceedingly thin and delicate, 
roundish, linear, deeply cleft, frmged, or either reduced to the form 
of minute stellate bristles; but whatever their character and position 
upon the several parts of the blade they will be found, withm certain 
limits, to be very constant and, hke the spines and scales of the stipe, 
to serve as defimte recogmtion marks for the species Hairs, some 
composed of several cells, others uniceHulai and glandlike, are also 
borne similarly. Like the scales, they also in their structure and dispo- 
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sition contribute excellent diagnostic characters by which the species 
may bo distinguished 

LFAVES 01 THE DICKSONIE^E 

Of the thieo gencia which compnse the tube Dicksoniese^ two 
(Dicksonia and Cibotiuni) aie usually arboiescent and have numerous 
large leaves home m ciect-arching crowns, as in most species of the 
Cyathcas, while the third (Oulcita) is veiy much smallei, never develops 
an upright trunk, and imght leadily be taken for a member of the 
family Polypodiaceje Theie is evident among them not only a 
pionoiinced difference m size, but also m shape and cutting of the 
blades, as mentioned hereafter. They have, however, one veiy dis- 
tinct feature m common, namely, the development of gieat masses 
, of delicate, limp, threadlike scales, of a type not found m many 
species of the tiibe Cyathe^e Those aie pi educed m gieat abun- 
dance upon the growmg ciown of the plant and extend fieely along 
the stipes and lachises, from ivhich, however, they are readily 
deciduous. They arc usiiall}^ yellowish oi yellowish-brown and 
ghstenmg, either straight or matted together, fragile, each com- 
posed of a smgle senes of thm, elongate, flattish cells set on end 
Apparently scales of no other types are produced m this tribe The 
collection of this soft woolhke substance from the cromis of several 
species of Cibotium occurring in the Hawanan Islands was long a 
Gpmmercial industry, the material (there called ^^pulu'O bemg used 
mainly as a stuffing foi small pillows The wool of the Asiatic 
Cibotium Baronefz, the fabled ^'Scythian lamb,” and of a species of 
Culcitahas been similarLly used, and in a limited way also foi stopping 
bleedmg of wounds in suigerv 

CLASSIFICATION 

The lecogmtion of the Cyatheace^e as a distmct family of ferns is* 
based for the most part upon minute microscopical characters of the 
sporangia, the ^^spore-cases,” which form the son or ''fruit Jots.” 
The division of the family mto tribes rests m part upon similar 
characters, but also very largely upon more apparent differences in 
the form of the indusia, special outer structures which more or less 
completely inclose and protect the spoiangia during theii period of 
development As already stated the North American species are 
associated in two tnbes, the Cyathe^ and the Dicksomese, whose 
main diagnostic characters may be readily recognized 

The tribe Oyathe^ is distinguished by having the sori borne 
directly upon the ultimate vems of the segment and never at the ends 
of the veins, which extend nearly to the margin. The sorus may m 
different genera be either naked (without a special protective outer 
structure) or either partially or wholly surrounded by such an organ, 
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the mdusium If an indnsium of any sort be present, it is never f oi med 
of any portion of the leaf margin, but is developed separately, bemg 
attached at the base of the receptacle — the raised conical, globose, or 
club-shaped structure upon which the spoiangia are borne 

The tribe Diclcsoniese, on the other hand, has all the sori produced 
upon the ends of the vems, that is, they are truly termmal and 
marginal In this tribe the sorus is invaiiably provided with a 
bilobed or bivalvate irdusium of a wholly diffeient character from 
that of the Oyathese, smce it is formed in part by the more or less 
modified and concave niargm of small lobes of the leaf segment, 
these facmg mward A suxulaily fashioned concave inner lip, facmg 
outward, anses fiom the base of the leceptacle Thus the two hps 
together constitute the ‘‘ double’^ (i e , bilobed or bivalvate) mdusium 
mentioned above, withm which the sporangia are contained At 
maturity the lips aie thrust widely apart by the expandmg sporangia 

These are the more obvious technical characters by which the two 
tribes may be distinguished Without entermg very far into the 
subject it may be well to mdicate bnefly the grounds for recognizing 
the several genera constitutmg these Recourse will be had to 
illustrations showing the parts upon a gieatly enlarged scale, which 
will serve fai better than desciiption alone to mdicate the position 
of the son and to emphasize distmctions in form and structure of 
the indusia. 

THE TRIBE CTATHEJE, 

The tribe Cyatheae was divided long ago into three genera, Cyathea, 
Alsophila, and Hemitelia, mamly upon characters of the mdusium; 
and this conception has prevailed generally down to the present time 
It happens, however, that within the limits of this tribe there is found 
nearly every intermediate stage between a complete hollow sphere 
♦wholly mclosiag the sporangia and the absence of any mdusium 
whatever. Because of this, the justification for laymg great weight, 
as a basis of generic classification, upon structures of such an ephem- 
eral and variable nature has been senously challenged by neaily 
every recent writer upon ferns; and also because m many other 
groups of ferns the indusia are now looked upon as really of such 
secondaiy importance as often to preclude their use for more than 
minor taxonomic distmctions, though they may be very serviceable 
in distinguishing species or for associating them in minor ^oups 
below the rank of a genus The proposition again put forward, of late, 
to merge Cyathea, Alsophila, and Hemiteha under a single genenc 
name (Cyathea) is thus not without merit Yet, considering our 
present incomplete knowledge and the extent of data still to be 
derived from a thorough study of the group as a whole, it seems 
(iesirable to hold to the established olassifioation until a better one 
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can be devised, and to frankly recognize it as one merely of con- 
venience. To the objection that the recognition only of the three 
genera above mentioned 13 scarcely logical, smce each of these is 
susceptible of division into two or more fairly distinct groups, it may 
be answered that at least the treatment here followed has the sanction 
of long usage and on this account will incur neither confusion of old 
names nor the substitution of new ones The species constituting the 
tnbe Cyathes© may be grouped, then, under the three geneiaCyathcjc, 
Alsoplnla, and Heimtelia 


THE GENUS CTATHEA 

The North Amencan representatives of the genus Cfyathea fall 
readily into two sections, based upon chaiacters of the indusium; in 
. the first of these the indu&uim is cup-shaped or saucerlike; in the 
second it is like a complete hollow sphere Of the 60 species occurring 
m North Amenca about 30 fall undei the latter section. 

An excellent example of the cup-shaped or hemispherical type of 
mdusium is seen m Oyathea elegans, of Jamaica, a species with large 
tripmnatifid fronds Plate 9, figure A represents the young son of 
thm species at a stage when the sporangia are just reaching maturity 
and are beginning to crowd upward and outward, thus widening into 
a broad mouth the opening above them which is first evident merely as 
an apical pore In plate 9, figure B is shown a later condition, in 
which the sporangia have reached maturity and have mostly dis- 
appeared Another example of similar but less pronounced form is 
shown in plate 10, figure A, representing the sori of Oyaffim Uriotm. 
In this the indusium is saucer shaped, and the sporangia are seen to 
have been heaped high above its low even margms. In all species Cf 
the section of which these two species aie illustrative, the indusia are 
firm, have perfectly entire margins, and almost invariably am per-* 
sistent long after the spoies have been shed and the sporangia ♦ 
pad. The central position of the elevated receptacles may 
noted in the figures cited, as well as details of venation and pubeseetEMSfif* 
The sori are seen to be borne near the midrib (coatule) of 
being seated at or just below the forkmg of the slender lateral veins. 
This section of the genus is known as Eucyathea or true Qratfeea, 
since it contains those species which in general form and structure of 
• the mdusium agree with Q arboreWf the type species of the gmm 
Of the 20 North Amencan species all are confined to the West IrwBes, 
accepting only O arhorea^ wtdch occurs sparingly also on &© aintinent 
from Mexico sou thward. 

A veiy different type of indusium characterizes the second ^ 

of Cyathea, which having once been regarded as genexically 
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from Eucyathea was given the name Eatomoptens, m honor of the 
late Prof Daniel Cady Eaton, of Yale University The numerous 
species of this group are distinguished by having the mdusium 
globose and wholly inclosing the sporangia, until at maturity these 
distend the indusium beyond the bursting point, whereupon, havmg 
no sutures or definite Imes of cleavage, it iniptures irregularly, its 
ragged divisions bemg thrust outward A species having this type 
of mdusium {Oyathea Brunei^ of Costa Rica and Panama) is illus- 
trated m plate 9, figures C and D The first of these shows the firm, 
white, unbioken mdusia m a condition approachmg maturity, and the 
midnbs of the segments still clothed with dark slender scales In 
figure D IS shown an oldei state of the same species, in which it will 
be noticed that the son have burnt and appear more or less confluent, 
and that the mdusia, though megularly broken, have partially resumed 
then original position In this and seveial other species having thick 
or firm indusia it will be found that the divisions commonly persist or, 
at least, tend to disappear only with age, sometimes sprea^g apart 
haidly more than enough to allow the spores to escape freely, then 
drawing in neaily to their onginal form and appeanng valvelike But 
m many other species the mdusia are thin oi even of such extreme 
delicacy that they appear merely as a slight, tianslucent membranous 
film In these the mdusium is too delicate to withstand the explo- 
sive hygroscopic action of the sporangia, so that after the spores have 
been shed there will be found only traces of the broken indusium, 
few half-detached fragments appearmg among the mass of confluent 
sporangia, or sometimes only a small basal poition persisting in the 
form of a thin flattish scale, which may be wholly concealed by the 
sporangia, at the base of the receptacle Durmg the process of spore 
shedding, or it may be merely with age, the scaly coveimg of the mid- 
ribs of the underside of the segments often will either have disap- 
peared or have become so mixed with broken sporangia, spores, and 
fragments of the mdusia as to be almost indistinguishable On this 
account xt is essential m collecting material to secure, in addition to 
fully mature pmnee, pmn^ from other fronds m which the sori aie so 
young that they will not burnt in drying but will retain their original 
form* The veiy general failure of collectors to obseive this pieoau- 
tion is responsible foi much of the confusion which will always result 
from the study of carelessly selected and imperfectly prepared her- 
barium material m so cntical a group. 

Of the section Eucyathea, some of the more interestmg species are* 
Gyaihea NocMi, already briefly described (pi 8) ; 0* BrooTcsii, a Cuban 
species with a short, horizontal, mostly subterranean rhizome and 
several long-stalkod bipinnate fronds about 4 feet high; G minor 
and G. ^uhescens, the former with a very slender, clean trunk, the 
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latter with a huge thick trunk that is utteily disproportionate to the 
crown of nai row, lanceolate, bipinnate fronds, C arSorm, pi eviously 
mentioned and figured (pis 2 and 3, pi 10, fig A); 0. elegans (pL 9, 
figs A and B) , G Tussaciij a Jamaican species with coarse, tnpin- 
nate fronds, everywhere shaggy with slender tawny or grayish scales; 
C. mgrescens and C araneosay very much alike in their harsh, exceed- 
ingly coriaceous, tiipimiate blades and densely spmy trunks and 
stipes, and 0. portoncen^iSj a species with dark, lustrous, purplish- 
brown vascular parts and large, nearly tripinnate blades The last 
species IS apparently umque in havmg the outer surface of the 
deeply cup shaped indiisia rather densely clothed wuth simple yel- 
lowish hairs 

Only a few species of the section Eatoniopteris may be mentioned- 
Berhaps the most interesting are 0 Brunei and O. aureonitenSj 
already lefeired to m the piecedmg pages. The Costa Eican forfiis, 
C Werldeanaj C hem%ot%s and O liastulatay constitute a natural group 
m havmg the ultimate segments of the tiipimiate fronds constricted 
at the base, or even sessile* Three other species, G. Tuerckhdmiif 
G graaiksy and G divergens aie unusual m having the larger pinnules 
(divisions of the pnmary pmnse) mostly long-stoiked* Oyaiim 
ins%gn%8 and (7, princeps have the pnmary and secondary rachises 
unarmed as to spmes, but yet con-[)]<niousl v rougli from the presence 
of the broken-off bases of the slender spmy-margined scales which 
at first tluckly mvest them At least one species, 0, paieUa'nSf has both 
veins and leaf tissue glabrous, while its nearest ally, C- 
has the similar parts very minutely but distmctly glandular-setulose, 
and in addition many of the vems simple, an unusual feature in this 
genus 

As to the characters which distmguish the species, it may again 
be mentioned that although mmute they are usually constant, if due 
allowance be made always for minor variations which may be corre- 
lated mostly with known differences of habitat, altitude, and geo- 
graphic position; and that if a sufficient amount of well-prepared 
material be brought together the lecognition of the specii^ will not 
prove especially difficult. Indeed, the most surprising feature of all 
is that species so similar in details of leaf form have been able to 
develop such marked diversity in the general form, structure, and 
disposition of mmute scales and hairs and that these differences are 
so nearly constant. An attempt has recently been made to give to 
these structures some part of the weight in classification to which 
they appear to be entitled To this treatment ^ the reader is referred 
for full descriptions of the North American species of this intensting 
genus 
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iiuks all drawn out to long, slender, nearly linear points, thus 
suggesting the species name, A, microdonfaj a lowland species 
already mentioned, easily distmguished by the remarkably large, 
strong, narrowly conical spines which occur at iriegular inteivals 
the whole length of its stipe and primary rachis, A sUfulanSy a 
plant of the mountains of Costa Kica and western Panama, with a 
trunk 30 to 40 feet high and enormous spreadmg, nearly tripinnate 
fronds which show the very interestmg adaptation of havmg the 
prunaiy pinnae (particularly m the basal pait of the blade) directed 
backwaid fiom then inseition upon the rachia at an acute angle, 
A, armata, which, with several related species, has the stipes and 
rachises densely soft-hairy, A myosuroides, previously mentioned, 
with very minute, thickly set spines closely associated with an 
abundant covering of glossy blown, slender scales at the base of the* 
stipe, and the pinnules of the deeply tnpinnatifid fronds ending m 
nairow greatly elongate tips, ^^mouse-tailhke,'’ as the specific name 
implies, A Schiedeanay a much more leafy plant of Mexico and 
Guatemala, with broader and laiger rounded segments, and A 
Salmnii of Chiapas and Guatemala, a species with leaf blades fully 
tripnmate, the elongate, crenate, leatheiy segments sessile oi short 
stalked, the rachises firm and woody and of a polished, dark 
purphsh-brown color The naked (nonindusiate) sorus of this 
group is mdicated m plate 10, figure C, representing a portion of a 
very young pinnule of A myomroidesj m which the sporangia are 
all in place In figure D, of the same plate, is shown a similar por- 
tion of A Sch%edeana at a later stage, m which the sporangia are 
nearly all fallen away from the roundish elevated receptacle 
The section Lophosona contains a single species, Ahofluila quad- 
ripinmia, which offers several peculiar structural characters, possibly 
warranting its separation as a distmet generic type, the trunk and 
fronds have alieady been desciibed 
The section Amphidesnuum likewise contams a solitary species, 
Alsophila ilechnoideSy which is unique among American tree ferns in 
the pioduction of more than one sorus upon the veinlets of its large 
simply pinnate fionds. A partial section of one of the long slender 
pinnae of this species is shown in plate 13, figure A Both this and 
the preceding species are peculiar in the silky haxrlike scales of the 
rhizome and stipe, their form and structure bemg that of the tribe 
Dicksonie^ and very different from the usual flat scales of the 
Cyathese, The fourth section, Trichipteris, which is essentially a 
group of fully bipinnate South American species, with sessile or 
stalked pinnulca and soil borne m a dens^ r-^'W is repro^entod in 
Korth ^Vmeiica by a singJe species, Alsopli'ila a I lUc-L de-csibed 

fiom British Guiana but gathered once sinco in Mexico. The scales, 
in tins section aie like those of Eualsoplula. 
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THE TEIBE DICKSONIE^ 

Differences m habit and size of the plants and ui the geneial shape 
and dissection of the leaves offer more obvious marks for the recog- 
nition of the tliiee genera of Dicksoniese than do the mdusia, which 
are ahke in position and of very similar structure Thus^ the several 
species of Culcita are small plants, none of them ever treelike, having 
shoit rootstocks only a few inches high and a spreadmg crown of 
broad, skeletonlike, gieatly dissected leaves rarely more than 3 or 4 feet 
high, including the stipe, while Cibotium and Dicksonia are mostly 
if not altogether arborescent, plants at least of huge giowth In dis- 
tingmshing the latter genera it will be noted that the blades of Dick- 
sonia are elongate and either lanceolate oi oblanceolate m outhne, 
- and that those of Cibotium are very much more ample and broadly 
ovate or even triangular Coupled with these differences, however, 
aie chaiacters afforded by the son, which, when once made out, are 
unmistakable Tbe position of the son and the general structure of 
the double indusium has already been touched upon, the generic 
distinctions follow 

THE GENUS UIOKSONIA. 

In Dicksonia the outer concave lip of the indusium consists of the 
greenish leaf tissue of a small margmal lobule of the leaf segment 
which IS shghtly if at aU modified by its function as a partial coveimg 
foi the sporangia The shape but not the texture of this outer lip is 
shown m plate 13, figure B, representing Diclcsoma navarrensisj of 
Costa Rica and Panama The inner lip, or true indusium, is seen to 
be of similar foim, almost hemispherical, its hollow inner or under 
suiface embracmg the spoiangia upon the side opposite to the outer 
lobe It IS yellowish and ngidly caitilagmous, thus conspicuously 
different in texture from the outer lip, and is attached along the base 
of the receptacle, upon which the sporangia are borne 

But one othei species of Dicksonia has been described from North 
America, tbe closely lelated D lobulata of Costa Rica This and the 
other members of the genus have like indusia A section of a primary 
pinna of D» navarrensis is shown m plate 14 at natural size The leaf 
tissue IS rigidly coriaceous and of a yellowish green color The trunks 
of this species^ as I have seen them, are about 9 to 12 feet high aW 
always roughly clothed with the very stout smooth bases of old 
fronds, a feature which seems to be characteristic of the genus as a 
whole 

THE GENUS OULCITA 

Although the mdusia of Culcita axe very similar to those of Diok- 
sonia, the plants are so different in habit, in their smaller size, and in 
the nondevelopment of an upright trunk, and bear quadripmnate 



leaf blades of such distmctive form and cutting, that their lecogni' 
tion as a genus seems justified. There are about half a dozen species, 
mostly of the South Sea Islands and Malaya, one, however, occurring 
in the Azores, Madeira, andTenerifle, and another {Childta coimfolia) 
inhabiting the high mountain forests of Jamaica and Santo Domingo, 
and extending on the contment from Mexico to Ecuador and Brazil 
A pinnule (tertiary division) of the last is shown in plate 12, figure C 

THE GENUS CIBOTIUM 

The most highly differentiated indusium structure of any of the 
DicksomesB is exhibited in Cibotium, foi m this genus the outer lip, 
like the inner, is mamfestly cartilagmous, and the two valves fit 
together hke a box and its hd, offermg complete protection to the 
sporangia until maturity, Plate 12, figure D, represents at four times 
natural size a section of a pinnule of Gibohum ScTitedeiy of Mexico and 
Guatemala, m which may be noticed both closed and open indusia, 
as also in plate 15, which shows part of a primary pinna of the same 
species, at natural size Three other species, all mth deeply tripm- 
natifid or tnpmnate leaves of similar form are known from Mexico 
and Guatemala In these, as m most foreign members of the genus, 
the double indusia after maturity are bent back in a close row upon 
the leaf tissue of the underside of the segments, their position (t. e , 
whether oblique or parallel to the mid vein of the segment) at this 
stage varying accordmg to the species Their shape also is diag- 
nostic, some of them havmg the valves sprung widely apart, like gaping 
jaws. In all but two or three of the species, both American and for- 
eign, the under surfaces of the blades are whitish or even bluish 
prumose, from a dense covering of very minute and closely set 
whitish papilise which are of a waxy nature. Not a few species of 
the tribe Cyathese also have a similar development, whose function 
must be to guard against excessive transpiration 

Cibotmm has never been collected in South America, and is cer- 
tamly not common in the North American Tropics, judging from the 
small amount of material collected. We have also only scant and 
and conflictmg data as to habit, from which it appears doubtful if 
the four American species normally attain a pronounced arborescent 
similar to that of the Hawaiian species, for example A brief 
critical account of these, with notes on their rather involved taxo- 
nomic history and with illustrations of each, has recently appeared.^ 

rnFFICULTIES OF STTJDT 

BVom the foregoing it will be evident that tree ferns are more than 
ordinarily difficult of study on account of their enormous size» Even 
for the most commonplace data as to dimensions of trunk and shape 


1 Contributions from the U, S national Herbarium, yol 16, part 2, pp 25-62, pis IS~34. J912 
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and size of leaves, fern students up to a comparatively recent time have 
been dependent mamly upon the chance and often inexact observa- 
tions of collectors, who as a rule have not been well acquainted with 
the group, and upon the characters offered by conservatory specimens 
As has been pomted out, excellent distmguishing characters are 
afforded by the trunk and by the vascular parts of the frond, especially 
by the stipe bases, winch are mostly armed with spines of diffeient 
kinds for different species and clothed with equally characteristic 
scales Yet [these are the very parts usually omitted from collections, 
which are hkely to consist only of a small section of the blade, often a 
smgle pmna To know from such scant material the real characters 
of plants with stems 10 to 50 feet high and leaves 5 to 15 feet long is 
obviously impossible, and many have been the complaints of fern 
writers from Sir Wilham Hooker^s time almost to the present upon the 
madequateness of herbanum specimens. Within the past two or 
three decades, however, and with the development of more convenient 
and ready means of travel, the practice of sending mvestigators to col- 
lect material of their own special groups has become general Very 
full and valuable data are bemg obtamed in this way, in marked con- 
trast to the mcomplete and piecemeal mformation conveyed under the 
old method, and it has been found feasible to collect and dry charac- 
teristic sections of the trunk of most species, m addition to the stipes 
and the lower, middle and upper pinnae of the fronds It is upon the 
basis of carefully selected and complete herbanum matenal of this 
sort, supplemented by photographs and by exact field data as to size, 
form, structure, and color of the vanous parts, that an adequate knowl- 
edge of tree ferns mil finally be built up 


EXPLANATION OF PLATES 

Plate 1 

Group of tree ferns {Oyathea>pnnceps)f near Sepacuit4, Alta Verapaz, Guatemala. 
Photographed by Mr G N Collins, April 16, 1904 

Plate 2 

View from the Adjuutas Road, Porto Rico, showing plants of Cyathea arhorea Photo- 
graphed by Mr G N. CoUins, July 11, 1901 

Plate 3 

Two forms of trunk of Cyathea arhorea (see p 472), collected in the valley of the Rio 
Bayanuta, southern slopes of the Sierra Maestra, eastern Cuba, altitude 
2,000 to 3,500 feet, April, 1907, fig a, Maxon 3909, fig Z>, Maxon 3906 Both 
one-half natural size 

Plate 4 

Coffee warehouse at Sepacuit^, Guatemala, exceptmg the five heavy supporting tim- 
bers the upright sides are entirely of tree fern trunks Photographed by 
Mr G N Colima. 
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THE VALUE OF ANCIENT MEXICAN MANUSCRIPTS IN 
THE STUDY OF THE GENERAL DEVELOPMENT OF 
WRITING.! 

[With 5 platea ] 


By Alpreb M Tozzeh 
Smord University^ Cambridge, Mass 


The successive stages through which writing has passed have been 
fairly generally accepted and I do not intend at this time to add any- 
thmg new m regard to this development of writing^ Illustrative 
examples have usually been drawn fiom various sources in point of 
time and place. It is possible, however, to find m the Mexican 
manuscripts illustrations of all the steps m the early history of 
writmg ^ 

Mexico IS the only part of the new world where there are any 
appreciable data on the prelustoric life of a people outside of the 
monuments and objects found m connection with them In Mexico 
and Central America we approach even if we do not, by any means, 
reach that fortunate situation in the old world where the documentary 
evidence of an ancient culture, a literature, is present as an important 
aid in the study of the life of a people. 

The manuscripts of Mexico and Central America have, for the most 
part, been neglected by all except the speciahsts in this field These 
documents forni^li important examples of primitive ideas of art and 
illustration together with minute details of ethnological mterest 

The Mexican manuscripts may be divided mto two obvious classes, 
those written before the advent of the Spaniards at the begmnmg of 
the sixteenth century and those written durmg the early days of the 
^ Spanish r- •."! i- \nother classification might be based on the 
distmct ' the manuscripts are supposed to have been 

written and the nationality of their authors. The codices of the 

1 Beprmted by pernussiou from tlie proceedings of tbe American Antiquarian Society for April 1911 

Worc<\ 'CL, llass , publLsb'’! b\ Uc ‘^ooicl ^ ’ 

2 For a ‘ilj.orL accoi m. oi tiie devclopmoul of see riodci, 1907 

3 A portion of llns p incr was presented at tbo Toronto meetmg of the ArcbseoZogical Institute of ^unerica, 
Dec 2S-n, 1908 A bi >e ' abstract is published in the American Journal of Archaeology (second senesl , vol’ 
13, pp 0,'i-bO, roo 



Nahuas or Aztecs of the plateau of Mexico are to be distinguished from 
those of the Nahuas of the tierra caliente region and these in turn 
from those of the Zapotecs m the State of Oaxaca^ and these, agam, 
from the manuscripts of the Mayas of Yucatan, southern Mexico, and 
Guatemala The man}^ mmor differences do not prevent one from 
seemg a great similarity both m subject-matter and treatment run- 
ning through them all The calendar, together with other featuies 
of the life of the different peoples of Mexico and Central America, 
shows a common origm and, to a certam pomt at least, a parallel 
development 

The number of manuscripts is limited. The Maya documents form 
the smallest class with three There are more than a score of avail- 
able codices from the Mixtec-Zapotec region, a great part of which 
show a strong Nahua mfluence, and about half as many from the. 
Nahuas proper, in addition to a large number of smgle maps and other 
manuscript material from Mexico ^ 

The Spanish priests m their attempts to Christianize the natives 
aimed especially to destroy all that pertamed to the ancient teaching. 
Accounts tell of the large number of manuscripts burned, and all 
owmg to the misdirected zeal of these Spanish missionaries The 
greater part of the documents still in existence are m European 
libraries, although a few still remam m public or private collections 
in Mexico, 

The manuscripts aie usually written either on long strips of deer- 
skin, fastened together end to end, or on strips of paper made of bark 
or of maguey fiber. The whole strip is, in most cases, folded up like a 
screen The two sides of the sheet are often covered with a thm layer 
of fine plaster, on which the characters are painted Those datmg 
from post-Columbian tunes are often written on European paper 

The greater part of these early manuscripts have been published. 
Lord Kmgsborough m the first quarter of the last century was the 
first to recognize the importance of reproducmg the codices for 
study The Due de Loubat has been mstrumental m brmgmg out 
in exact facsimile several of the most important ones There is 
therefore a considerable amount of available mateiial for a study of 
the writmg of Mexico and Central America 

Both the pre-Columbian and the post-Columbian manuscripts con- 
tain records of an historical nature, accounts of migrations, the suc- 
cession of nth i ■» csiiuptiigp- and hsts of tribute. Different phases of 
the ancient j’"'* \\\o calendar are also shown, the secular and 

the sacred calendar, astronomical calculations, the methods of 
divination of the lucky and unluckj^- days, and the religious cere- 
monials. 


1 ror the names of the most important codices from Mexico and Central America, see Sa^ville (1901), 
Lejeal (1902), and Lehmann (1905) 



It IS not^ however, the ideas expressed in these documents but the 
methods used in expressmg them, not what is written, but how it is 
written, not the content, but the means employed that the present 
paper aims to consider. The manuscripts form only a part of the 
available material for the study of the writmg of the peoples of 
Mexico and Central America The extensive use of stone carvmg on 
the f apades of buildmgs, on altars and stelse, and on the Imtels opens 
up another extensive source from which examples might be drawn. 
It IS only m one case, however, that an illustration will be taken from 
the stone bas-r chefs. 

The early history of writmg has been curiously ahke over the greater 
part of the world The prelimmary step is m the use of reminders or 
mnemomcs. These signs convey no message in themselves, but serve 
Qnly as an aid m brmgmg to mmd some event They are not uni- 
versally useful as are many specimens of picture writmg They can 
usually be employed only by those who possess the previous knowledge 
which the remmders serve to recall Notched sticks and taUies of va- 
rious kmds are well-known examples of this class The Eoman rosary* 
immediately suggests itself as belongmg to the same type The 
Peruvian qu%pu or knotted strmg is usually cited as the best repre- 
sentative of the class of remmders Boturuu (1746) m his ^^Idea de 
una nueva historia general” states that the natives of Mexico used a 
knotted strmg for recordmg events before the mvention of a hiero- 
glyphic writing. Its native name was nepohual tz%tzvn, ^^cordon de 
cuenta y nuTneroJ^ ^ Lumholtz (1902, vol 2, p 128) states that the 
Huichols of north-central Mexico m settmg out on a journey prepare 
two strmgs of bark fiber and tie as many knots m them as there are 
days m the journey One strmg is left behmd in the temple with one 
of the prmcipal men and the other is carried on the trip A knot is 
untied m each string each day As the travelers always camp m the 
same places, they are protected from accidents m each place by the 
prayers of those at home. Lumholtz cites a second mstance of the 
use of the knotted strmg as a remmder. In the Hilculi rite there is a 
general confession made by the women order to help their 

memories each one prepares a strmg made out of strips of palm leaves 
m which she has tied as many knots as she has had lovers This 
twme she brmgs to the temple and standmg before the fire she men- 
' tions aloud all the men she has scored on her string, name after name. 
Having finished, she throws her hst mto the fire and when the god has 

^ ■Po^ 1 “ 0 “) 'J’J ' ■’ » 00 (' '' "dad unraromodode lustoriar y eon linos Cordones 

’ !''■>( i' ' 1C M »'■ ’ , pendiandeel Cordon prmcipal con nndosdediferentes 

colores T’ I'-pTj — ^ ^enlosde la Nueva Espana 

ITepohucC 1 _ ^ ^ ‘re decir 6 como si 

dlxeramos, Cordon de cuenta, y numero, en que se refenan y uumeraban las cosas dignas de memoriii, assi 
Divmas, como Humanas," 



accepted and consumed it in liis flame, all is forgotten ’’ The men 
have a similar custom 

A single manuscript leaf of the Humboldt Collection, dated 1569 
(pi 1), shows the same idea of reminders together with true picture 
wntmg ^ It is a baker^s account Just as the baker in many coun- 
tries notched a stick in keeping his record, so here he employs much 
the same prmciple The circles are tallies, the renunders of the num- 
ber of tortillas or perhaps loaves of bread baked each day by the 
women The sign of the flag over several of the circles is a symbol 
for 20 The circles contaming the curved hues show the feast days, 
the Sundays, coming sis days apart The Spanish method of keep- 
ing time has been adopted in this case 

The first step in the development of wilting after the prehminary 
stage of reminders is that of pure pictures There is no lack of illus- 
trations of this step in the manuscripts Pictures are used simply as 
pictures with no idea of sound entering into the meamng They are 
used not as symbols or signs of something else, but simply in their 
objective sense. There is no trace of mysticism. The objects lep- 
resented can not be treated 8is ciphers or cryptograms in any attempt 
at their interpretation A good example is found m a series of 
pages (pis. 2-5) from a post-Columbian manuscript m the Mendoza 
Collection, now in the Bodleian Library and published in Kmgs- 
borough (1831-1848, vol 1, pis 59-62) ^ The pictures give a clear 
account of the education of the Mexican boy and girl from the age 
of 3 to the age of 15 The boy and his father are shown on the left 
and the gud and her mother on the right The years are indicated 
by circles, and the daily allotment of bread appears in front of each 
child At the age of 3 a hah cake or tortilla is the daily ration, 
whereas at 4 it is increased to a whole one 

Plate 2 shows the education from the ages of 3 to 6 Plate 3 indi- 
cates the tasks imposed and the punishments given to children from 
the ages of 7 to 10 Plate 4 contmues the pumshments for the elev- 
enth and twelfth yeais and shows the tasks from the thirteenth and 
fourteenth years Plate 5, at the top, indicates that at the age of 
15 the boy is tinned over to an outside authonty to continue his 
education The lower half of the same plate shows dearly by means 
of pictures the marriage ceremony The groom carries his bride on 
his back mto an inclosure and is accompanied by four 
ing torches The marriage nte consists of tying the ^ . - oi 1 1 . 

mantles of the two together. The marriage feast is i o » h‘ I 
The Spanish accounts of the ancient marnage customs are no clearer 

iTMsmaiiu3''riptis callod rragmeut XTIIof tli' UaMl 'La .-'.d i ’ j -lVi, 

a^(i a jO jails collided, \vork3, vol l,pp 2TG-233 1 ilj i o'mnn-i TJ I'J. u 2 '> 

pp 212-217, pi 18 

i This series pSties is published m AT'^lTorv pis I air uldebtcd for this •^t'ries of 

pictures (pla 2-5) and also for pi 1 to Mr F "W 1 To i.e, * lOi on . "e ..i of Ajuencan rtlmology 



Tentionalized head of a serpent with open jaws, the nose plug, the 
eye, and teeth This evidently is the representation of a prayer or 
speech in behalf of the serpent god Below, to the left of the altar, 
the figure is possibly an idol, to the right of the altar a civihan is 
shown bringing his gifts, possibly bags of feathers. Before the 
mouth of this figure a most elaborate speech is indicated with buds, 
blossoms, and leaves.* In each case the conventionahzation and 
symbolism are marked 

This development of wnting from reahstic pictures to those of a 
symbolic or conventionahzed nature has its parallel m a develop- 



Fw 2 


ment of ornamental art® That the reverse process from certain 
more or less geometric forms to those of a realistic character may"^ 
sometimes be present m pntoitive art should also be noted 
The “ideographic” stage in writmg is reached when suggestions 
take the place of representation The idea rather than the picture 
is the important factor The Spanish pncsts roahzed very early the 

1 For other designs espresslncj spcer^ and song, see Orozco j Tlerra, 18Si) -vol 1, p 479 and pi 7, figs 
321-546 

2 Prof Putnam (1SS7) -ff-as the first 1 o po^nt this out m connection Mrlih -Vinonoau axt See also his paper 
on ‘‘SymboLsm m ancient Amcncan art” (1596) 
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great ability possessed by the natives of Mexico to read by means of 
pictures They took advantage of this in several ways in order to 
disseminate the teachings of the Roman rehgion The entire cate- 
chism was shown by means of pictures. No question of sound entered 
into this sort of picture writing These pictures were pamted upon 
great cloths and hung up before the people A page of Velades/ a 
Latin accoimt of the activities of the priesthood, dated 1579, shows 
some of the ways taken by the priests to introduce the new rehgion 
into Mexico. ^ ^ Torqumada (1723)^ and other early writers 
describe these charts or ^‘henzos I know of none of these charts 
stdl in existence, hut there are several manuscnpts which contam 
the same class of pictures Leon (1900) illustrates and describes 
this kind of document The Peabody Museum has a manuscript 
which is shghtly more elaborate in its figures than that pictured by 
Leon, but in all essential particulars they are identical Both may 
be considered copies of earher charts ^ ^ 

In aU these illustrations we have seen pure thought wnting,”® 
ideas expressed by pictures, conventionahzed pictures, symbols, or 
conventionalized symbols Up to this time there has been no sug- 
gestion of the name, or, more exactly, the sound of the name. Ideas 
have been expressed, but ideas regardless of the sounds which the 
names would signify. 

The next step to be illustrated by Mexican examples is where 
sound comes in for the first time as a factor It is not the object 
now that is the desired thing, but the name of the object This 
marks an intermediate stage between picture 'vvritmg on the one 
hand and phonetic writing on the other It employs the well-known 
principle of the rebus It is this step winch is illustrated with 
special clearness m the Nahua manuscnpts, perhaps better than in 
the wntnig of any other people 

Much has been written m vanous places on this phase of the writing 
of the Mexicans. The phonetic character of the greater part of the 
vanous pictures has been known for some tmie.^ Brmton (1886 
and 1886, a) has discussed this method of writmg and gives it the 
term ^^ikonomatic,” the '^name of the figure or image, referring to 
the sound of the name rather than to any objective significance as a 

1 Velades, 1579, chap xxvui, gives a pictonal alphabet 'which is of no importance Valentine, 1880, p 
71, g^ves aiopiodnciion of it 

2 j3ooL XV, chnp xxv, “ cu ■» f ' ' " Pa - os Padres, nn modo de Predicar, no naenos trabajoso, q.ue 

uitifioio'^o, y inni proved t _ M c_ i* . por sei confonne al nso, quo ellos tetnan, de tratar todas 
l-is coses poi Pirtu< a®, : era desi a fnatieia TTaoian Pintar en nn Liengo, los Artieulos de la FA y en otro, 
lob d’C/ ALnd'^micn^oi: do Dio*:, v en olio, ’o-. •'lete Sacramentos, y lo dem&s que querian, de la Doctrma 
Cbnsi ina, v qi^’iido cl Piediraaor, qa,ruL Piod o'" do los M'^ndirn'cnios rob/x-^?n junto, de donde Se 
pnma a Piedico’ cl T-iergo do los M"n'‘aTriLiii o > en dj- •'T’c a q\ p podn, ocn i na Vm sefLalar la parte del 
Lienvo, queq irrip ^ For fa tlLCrrcforencos lo this cnsiom,c>e<' Leon, luo 

8 Selpr, 16''3, uses tnc iLini “ (TC'ipnheurobus’ for +nis kii d of wr Img 

* Pehafid, 1S85, g vxs an a las of the place namob ^ound m the LnbuLe I'blb in the Codex Mendocino 
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picture PKonetic picture writing is peihaps a teim more easily 
understood 

Tlie simplest names are those compounded of two nouns expressed 
directly by two pictures 

Cal-tepec, the house oa the aiountaui (fig 3) 

Cal from calli, house, 

Tepee horn tepetl^ mountain 



FiO 3 riG 4 riG 6 


A-tepec, the water on the mountam (fig 4) 

A fiom ad, watei , 

Tepee from tepctl^ mountam 
Coa-tepec, the mountam of the serpent (fig 5) 

Coa from coad, serpent, 

Tepee from tepetl, mountam 

The verbal idea is expressed as one of the factors in some of the 
proper names, givmg a compound of a verb and a noun, both ideas 
bemg expressed by pictures 

Toh-vian^ the place where the rushes are cut (fig 6) 

Toll horn tolhn, ru^es, 

Ma, the root of the verb meanmg “to take something with the hand ’’ 



Fig t) pjQ 7 


There are various ways of expressmg the same combmation of 
sounds. The syllable fdn may be shown in three different ways, as 
follows 

(1) B\ die pjotme of a flag, pan'h (fig 7) 

Cbi/ al-pau the sliiold oi Lh(‘ fiag 
Cfumn 1 p om th imalf l , a shield , 

Fc(i ijom a fiag 
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(2) By mearsfi of the repieaentation of a iivei oi canal, apanth (fig 8) 
CoapaUj the river of the serpent 
Coa, fiom coatly serpent, 

Pan, from apanth, a river or canal 



Pig 8 



(3) By means of position, the syllable pam meaning ‘ovei ” or (fig 9) 
Itz-mi-quil-pan, the obsidian knife over the verdure of the culti\ated field 
Pz, from itztli, obsidian knife, 

Ml nom milh, a cultivated field, 

Qml from quihtl, verdure, 

Pan from pam, over 

The color of the picture also has a phonetic significance in some 
cases, as (fig 10) — 

A<o-coz-pan, the canal of the verj- yeUo’w' water 
A from atl, watei , 

Co~coz, the intensified form from cozUc, yellow, ^ 

Pan from apan, nvei oi canal 

In all these examples the meaning of the picture is conveyed at the 
same tune as the sound ^ The name is not made up of signs used 
simply for their phonetic value alone, but the meamng is expiessed 




Pig 11 


by the signs as well The town of the very yellow water undoiibt- 
^ edly derived its name from the fact that it was situated on the bank 
of a muddy stream. We note the river and the yellow water m the 
original drawmg, as well as the sides of the stream 
The true phonetic stage is not reached until signs are used without 
regard to their meanmg as pictures but simply for their phonetic 


1 In tlie original manuscripts the water is colored yellow 

a Another interesting development of the use of a sign where the essential feature is its name rather 
its significance as a picture is seen m the character for the day 077m (fig 11) The word means “roUmg 
motion’^ and IS used not only to designate this day ml „ •* •.ci 2”^ L « 

the histoncal records to indicate the occurrence of an o ji 
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value III all the examples of place names given the diffeient 
syllables of the term have been expressed duectly by pictmes of 
objects or acts, by position, or by color Some othei method has 
to be employed when one desires to brmg out a meanmg where it is 
not possible to translate the idea directly by a picture or by any of 
the othei means we have noted 

\ /A /\/1 The town ToTlaUj ^Hhe place of the rushes/^ is 
H “ 3 Z easily lepiesented by a picture of a cluster of reeds, 
A \ \ \ tolhn, Supposmg, however, a town called Toltitlan, 

I meanmg ^^near Tollan/’ was the one to be written 
I This would be moie difficult to express in pictuie 
^ I I I i homophone comes in here, 

I " I A7ords of a similai sound but with different mean- 
* — — — LJ xngs The word tetlan means near somethmg ” and 

the second syllable, tlaUj is also found m tlanth, 
meaning “teeth ” Thus if the pictuie of some teeth (fig 12) is shown, 
the sound tlan would be expressed, suggestmg m this calte the mean- 
ing, not of teeth, but of nearness 

There is another word for “near^’ or “near by,’^ nauac A place 
named QucmTinauac has the meanmg, “m or neai the forest ” Quauh 
is the loot of the word quauitlj tree The termination nauac is 
supplied by the sign of “cleaz speech^^ (fig 13), which is a second 
meanmg of nauac A variant of this place name is shown in the 
Aubm manuscript (fig 14) Here* there is an rr-rn 

animal head with the leaves of the tree shown on 
top. Speech is represented as m the preceding Njfx jfl 
form. I// 

An interesting class of diminutives is formed m \ / 

the same way by the use of the homophone z%nco j 

as in ToUanzincOj meanmg “Little ToUan The 
use of determinatives is not found to express 
the special meanmg of the word which is to be /rp ^ 
used as is the case m the Egyptian wiitmg of the ^ r 
same class 6C[A 

We find m the place names we have been con- 

J- jQ ^ g 

sidermg the begmnmg of asyllabaiy, certam char- 


acters always used for certam combinations of sounds These signs 
not only express smgle syllables but in a few cases, as in tepee and 
nauac, double syllables, and, a from ail, smgle sounds 
The adoption of ceitain definite signs to express certain combina- 
tions of sounds IS a step far m advance of the stage of pure picture 
writing and it is well on its way toward the adoption of an alphabet 
where the signs no longer express combmations of sounds but smgle 
sounds. It might be possible to go a step farther in the case of the 
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Mexican writing and say that the Nahuas had reached, to a slight 
degree, this final stage in their writing. We have seen how an a 
sound in the place names is always expressed in their wntmg by the 
sign for water, atl So other signs which formeily stood for entire 
syllables seem m some cases to have been used to express the initial 
sound of the syllable The sign of a flag, panth, came in time to be 
used foi the imtial sound 2^, the sign for etl, bean, was worn down to 
express the imtial e sound, and the sign otli, for road, to be used for 
an 0 sound I am mclined to think, however, that the Nahuas in pie- 
Coliimbian times did not realize the importance of the step which they 
were about to take, the use of signs for smgle sounds, an alphabet. 
In the few cases where this seems to be found we have the idea of a 
syllabary rather than an alphabet as the tl of atl, etl, and oth, is a 
nominal ending and the woid in composition can stand without this 
suflBx The signs for a, e, and 0 aie leally signs foi syllables composed 
of smgle sounds rather than foi single letteis as distinguished from 
syllables 

The Nahuas m the pre-Columbian period did not develop the 
syllabary to the pomt shown in later tmies There aie no eaily texts 
m the true sense of the word written in the Nahiia characteis. The 
Spaniards were the ones to realize the importance of the syllabaiy 
and it IS undoubtedly owing to then influence that ccitam signs are 
found used in later manuscripts to expiess certain syllables absolutely 
for their phonetic value and entiiely divorced from the signification 
of the signs as pictures Moreover, the Spaniards seem to have used 
to some extent at least the signs of the Nahuas to express smgle 
sounds 

We have already noted the work of the Spanish piiests in their 
endeavor to teach the natives the creed of the Roman Chuich In 
this case the ideas are expressed quite apart from the sounds of the 
words The pictures could bo understood quite as well by one people 
as by another The missionaries wcie not content with this They 
desned the Nahuas to learn the actual sounds of the woids of the 
catechism They took advantage of the ability of the natives to 
read m signs denoting syllables The priests selected native woids 
which had the same initial sounds as the Latin or Spanish words which 
they wished the Nahuas to commit to memory. The signs for these 
native woids were then written m the native mannei The Lord’s 
Prayer is usually given as an example of this land of writing ^ 

1 Torguemada, 1720 Book xv, chap sxsvi, writes Vocahlo, quo ellos tienen, y que mas tira It 
la pronimciacion de JPater, es Panth, que signifLca una como Bandenta, con que cuentou el numero de 
vemte, pues para acordarse del Voeahlo Pater, ponen aquella Banderita, que sigrufica Panth, y on clla 
dicen Pater Para la segunda, que dice M^ter, el Vocablo, que ellos tienen mas parecido & esta pionun, 
ciacion, es Nuchtli, que es el Nombre de la que ios nuestros llaman Tuna, y en Espaha Higo de las Indias 
pues para acordarse del V ocablo Nosier, pintan consecutivamente tras de la Bandoi ita, una Tmm, quo ellos 
llaman Nochtli, y de estamanera v&,n proosigmendo, hasta aeabar su Oiacion, y por semejante manem 
hallavan otros somejantes Carect^res, y modos, por donde olios se entendian, para hacer Memorla do lo 
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A flag (fig 15) pantli suggests jpa A picture of a stone, tell, 
highly conventionalized, stood for ter, making Pater A pnckly 
pear, nochth, the fig of the castus o'punUa, was used for recalling the 
syllable nos and another stone, tetl, the ter, making noster In the 
same way (fig 16) water, atl, stood for an a sound and agave, meil, 
for men makmg amen 

The attempt made by Bishop Diego de Landa^ to furnish an 
alphabet for the interpretation of the Maya 
hieroglyphics, as shown by Valentmi (1880), 
is a '^Spamsh fabrication'^ and entiielyun- 
woikable when applied to the decipherment 
of the hieioglyphicwntmg The alphabet" 
illustrates exactly the same method as that 
just pomted out Here Landa chose a native 
word beginning with the mitial sound he 
desired to write A picture or symbol was 
then drawn to represent this word and this came to stand for the initial 
sound of the woid The picture of a man's footprmt stood for one 
of the sounds for 6, the Maya word for road bemg he 

The hieroglyphic writing of the ]\Iayas, however, does not serve 
as weU as that of the Nahuas to Jlustiate the various steps m the 
development of writing as a whole There is far less Imown in regard 
to the phonetic components of the Maya gljphs 
In view of the higher devel- 
opment of the calendar system 
found among the Mayas, we 
might naturally presuppose a 
correspondmg higher develop- 
ment of the art of writing and yet Forstemann (1886, p. 2), Schell- 
has (18S6, p 77), Brmton (1886, a), and Seler (1888) all seem to 
agree that the Maya hieroglyphics are essentially ideographic, with 
a number of constant phonetic elements which are used only to a 
comparatively slight extent Up to the present time a correspond- 
mg development among the Mayas of the rebus form of writmg 

que avian de tomar de Coro, y lo mismo tisavan algunos, que no confiavan de su Memoria en las Confesiones 
para acordarss de sns Pecados, Uevandolos pintados con sua CaractSres ''co” « i-- ^ ‘ ^ r - 

fiesan por eserito) que era cosa do v&r, y para alabar It, Dios, las nvencic e , ^ i _ - • c ' n >, ' « 1 co '-i 
de su salvacion buseaban, y usaban ” 

Las Casas m bis Apologetiea Histona de las Indias, a new edition of wbicb is avaflable (1909), cbap 
CCXXXV, wntos, no sabiendo leer nuestra escntura, escribir todo la doctrma ellos por sus figures y 
caraaterea muy ingeniosamente, ponlendo la figura que corresponder^ eu la vox y sonida4nuestro vocablo. 
asf como dijfiseinos amon, poman pmtada una como fuento, y luego y un maguey, que en su lengua 
Msaba col amen, porque ILiuianlo amotl, y asl de todo lo demas, yo be visto mueba parte de la doctiina 
cnstianr inta por sus j> e muigines que la leian por ellas como yo la leia per nuestra letra en una 

caiUi, y O't'iO no es artilicio do lugcma poco admirable^ 
iSocLantP, p 320 



Fig 15 
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of the Mexicans has not been found Various elaborate attempts 
to read the Maya hieroglyphics phonetically have met with failure. 
Mr. Bowditch (1910, pp. 254-255) sums up the whole question when 
he writes’ 

While I Bubscnbe in general to these words (that the witmg is chiefly ideographic) 
of the eminent Americanist (Di Brin ton), I do not think that the Aztec pictnie 
writing IS on the same plane as that of the Mayas As far as I am awaie, the use of 
this kmd of writing was confined, among the Aztecs, to the names of persons and 
places, while the Mayas, if they used the rebus form at all, used it also foi expressmg 
common nouns and possibly abstract ideas The Mayas suiely used pictme writmg 
and the ideographic system, but I feel confident that a large pait of then hieroglyphs 
will be found to be made up of rebus forms and that the true Ime of leaeaich will be 
found to lie in this direction If this is a correct view of the case, it is veiy important, 
indispensable mdeed, that the student of the Maya hieioglyphs should become a 
thorough Maya Imguist I am also of the opinion that the consonantal sound of a 
syllable was of far greater importance than the vowel sound, so that a form could be 
used to lepiesent a syllable, even if the vowel and consonant sounds weie leversed 

A further discussion of the hieroglyphic writmg of the Mayas 
would lead us too far away from our subject 

I have not attempted to elucidate any new problems or to add to 
the knowledge of the writing of the Mexicans, but to coordinate and 
systematize the vanous forms and employ them as examples of the 
general development of writmg There is 
found in Mexico, perhaps to a greater 
degree than m any other one place in the 
world, examples of all the different lands 
of wntmg, as we have seen, starting with a 
prehmmary stage of reminders and passmg to piue pictures which are 
used simply m their objective sense as pictures, thence to the more 
01 less conventionahzed and symbohc pictures or ideographs and 
finally to characters expressmg sounds as well as ideas, and the 
beginnmgof a syllabaiy, the first step in the development of a phonetic 
wntmg, and a step beyond which the Nahuas did not go The 
Spamsh priests made the last advance toward the goal, the forma- 
tion of an alphabet, by selecting a few syllabic characters winch 
they used to express the mitial sounds The first credit belongs, 
however, to the ancient Nahuas, who arrived, quite mdependently, 
at the idea of the possibility of a phonetic writing, and it is not 
difficult to imagme a further development into a true alphabet had 
they been left to develop their culture m their own way 
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THE DISCOVERERS OF THE ART OF IRON MANUFACTURE.^ 


ByW Belok 


About three yeais ago I again brought before oui society the 
question as to the age and origin of the ait of non working ^ I can 
now state with satisfaction that the discussion and study of this prob- 
lem has not, as in similar cases, aftei a sudden buist of enthusiasm, 
well mgh exhausted itself, but it contmues, here and elsewhere, to 
engage the earnest attention of scholars 
If it be said that by this time we should have reached some con- 
clusions, I may say that in a measuie we really have arrived at some- 
what defimte results, due chiefly to the present marmei of statmg the 
problem, and to a restriction and limitation of the question, which I 
claim as my modest contribution m the treatment of the subject 
In the course of my studies, untrammeled by methods and aims of 
other mvestigators, and constantly guided by entirely different view- 
pomts, I was soon convinced that there was a very long mterval 
between what may be called the accidental and the mtentional pro- 
duction of non implements, an mteival that probably covered many 
millemums The question as to when prehistoric man first held m 
his hand an iron object made by himself is very mterestmg to us aU, 
the more so because of the apparent impossibflity of finding a satis- 
factory answer But this question as to incidental ironworking is 
unimportant beside the query as to whom we are indebted for the 
intentional production of non, its manufacture, and for the mdustry 
thus made possible In a word, who gave this mdustrial art to an- 
cient and modern civihzation, when and where was it first practiced ? 
And since the superiority of iron over all other metals known to the 
ancients is not at aU based upon the qualities of wrought non, which 
because of its softness and phabflity is for many uses considerably 
mferior to the hard bronze of antiquity, but is due mainly to the 
excellent qualities of hardened steel, the question as to who were the 
onginators, the time and place, of the first manufactures of steel, 
becomes of preponderatmg mterest to the historians of civflization 

1 — .i- German of W Belck, Dio Erfinder der Eisentechnilc in Zeitsclirlft 

f ■“ 1 u _ 0,paxtl, pp 15-30 Berlin Behxend & Co , 1910 

= j-tLiLiJ |L''u7,pp 334-^81 Compare also Zeitschr Etlmol , 1908, pp 46-69 and 241-263 
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It Will not be arojss to glance first at the results of the discussion 
and researches of scholars during the last three years First of all, 
as to the age and ongin of steelmalang, the most important stage 
in the history of the working of iron — ^it is unfortunate that nobody 
has attempted to solve this difficult problem And, indeed, our 
sources hei e fail us completely, for the process of makmg and workmg 
fine steel was guarded by the ancients as a most profound secret 
known only to membeis of the same sect The evil repute in which 
ironworkeis weie held by some peoples — apparently also by the 
earhest of the Israehtes — must certainly m not a small measure be 
connected mth the superstition of their neighbors, who ascribed 
skiU m the makmg of fine steel weapons to the aid of evil spirits and 
demons And it is self-evident that the masteis of this ait, the pros- 
perous sword-cutlers of the tnne, would not themselves divulge, much 
less wiito, upon the secrets of their tiade On the contrary, it was 
m their mterest to fostei popular behef m the supernatural ongm of 
their workmanship, and thus to put a stop to all inquiry as to the 
leal methods of their trade The steel makers and workers were 
therefoie looked upon either as artists by the grace of God, or as 
mahgnant sorcerers and wizards, and were treated accordingly In 
either case the result was the same, the methods of steelworkers re- 
mained the secret of the sect and was under no condition betrayed 
We can thus understand why such a learned man as Pliny could offer 
no definite data on the histoiy of the steel mdustry, although he was 
well acquainted with the makers of fine steel 

The oldest written direct information now known on the employ- 
ment and workmg of steel is the Bibhcal passage m I Samuel xni, 
19-22, 

Kow there was no smith found throughout all the land of Israel for the Philistines 
said, Lest the Hebrews make them swords or speais But all the Israelites went down 
to the Philistines, to sharpen every man his share, and his coultei, and his axe, and his 
mattock Yet they had a file foi the mattocks, and for the coultei s, and for the forks, 
and for the axes, and to sharpen the goads So it came to pass in the day of battle, 
that there was neither sword nor spear found in the hand of any of the people that were 
with Saul and Jonathan but with Saul and Jonathan his son was there found 

The implements mentioned above, accordmg to my conception, can 
not possibly mean anything other than those of steel And so also 
very probably m the folio wmg Bibhcal passages m Joshua xvii, 
16 and 18, by chariots of iron^' we should understand chariots of 
steel ” 

And the childien of Joseph said, The hill is not enough for us and all the Canaanites 
that dwell in the land of the valley have chariots of iron, both they who are of Beth- 
sheaxL and her towns, and they who are of the valley of Jezreel 

But the mountam shall be thme, for it is a wood, anti thou shalt cut it down and the 
outgoings of it shall be thme, for thou shalt dnve out the Canaamtes, though they have 
iron chaiiots, and though they be strong 
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And m Judges i, 19, and iv, 3* 

And the Lord was with Judah, and he drove out the inhabitanta of the mountain, 
but could not drive out the inhabitants of the valley, because they had chariots of 
non 

And the children of Israel ciied unto the Lord foi he had nine hundred chariots of 
iron, and twenty yeais he mightily oppressed the children of Israel 

It affords me satisfaction to state that inyestigators geneially have 
tacitly adopted my interpretation of these passages 

But it should also be pointed out that theie is hardly any prospect 
that older wiitten evidence will be discovered, for the peoples who 
have left ample written monuments older than those of the Hebrew, 
the Assyro-Babylomans and the Egyptians, aie not to be consideied 
m our problem The former, because without question they became 
dcquamted with iron at a much latei period, the latter, because — 
even assuming that they had known wrought non m earher tunes — 
they never employed steel But even if we must confine ourselves to 
Biblical passages and to accounts of the conquest of Palestme by the 
mvadmg Habiri (Hebrews) hordes as restmg on good tradition and 
therefore reliable, we obtain quite an early date, about the thirteenth 
pre-Christian century, for the first mention of steel At the same 
time it should be borne in mind that we must postulate for that peiiod 
a quite well advanced Workmanship, so that the ironsmiths were able 
to turn out scythes at least 1 meter long and correspondmgly wide 
for the scythe chariots It is self-evident that the making of such 
steel scythes was attempted only after long piactice m making 
swoids, daggers, arrows, and other weapons of steel If these steel 
scythes were fixed to the axles and poles of war chauots, it may be 
assumed that in time of peace they were used for pui poses of agricul- 
ture. In short, the reference to the scythe chauots of the Canaanites 
mtioduces us at once into a peiiod of a highly developed steel indus- 
try In the face of this undemable fact it appeals the more strange 
and incomprehensible that the Egyptians as well as the Assyro- 
Babylomans, as also the Hittites and all the othex' great nations of 
western Asia, had no knowledge whatever of this steel industry which 
certainly must then have been several hundred yeais old. For even 
if the ancient aimoiers most caiefuUy guarded and practiced their 
art as a secret, they could hardly have prevented its products from 
becoming generally known and used by neighboring nations This 
condition can be accounted for only by assuming that the actual 
development of the steel industry, which must have required many 
years, did not take place in Palestme but elsewhere, and that it was 
introduced into Palestine shortly before the immigration of the 
Israelites These data fully accord with our knowledge of the Phil- 
istines, who are assumed by scholars generally to have immigrated 
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to Palestine at a comp aiatively late date, some even claim that they 
came later than the Jews ^ 

If it IS assumed that the weakeiung of the Egyptian supremacy in 
Syria and Canaan, in consequence of the repeated wars with the great 
Hittite kings, was taken advantage of by the island Philistmes for 
canying out their invasion and the estabhshment of the five Philis- 
tme prmcip allties, and that some five decades later the influx of the 
Israehtish hordes followed, it may be clearly explained that in the 
meantime the products of the Phihstme iron and steel industry weie 
mtioduced and spread among their nearest neighbors, the Canaamtes 
The Israelites would therefore have learned to know, to admire, and 
to fear their weapons, whde at the same time the more distant peo- 
ples, such as the Babylonians and Assyrians and the Egyptians, who 
earned on scarcely any foreign trade, must have remained ih 
ignorance of them 

Sober and intelligent research in this subject will certainly result m 
revealing many a grain of truth in the debris of the miUeniums, and 
some important facts may even now be pomted out. Since the 
effectiveness of the scythe chanot, so much employed in ancient 
wars, depended upon the contmued keenness of the blades, which 
could hardly be attamed in bronze scythes, it seems to me scaicely 
subject to doubt that the inventors and propagators of the steel 
industry in Palestme were also the inventors and earliest constructors 
of the scyiihe chanot The possession and employment of such 
deadly chanots must have matenally aided the invading Philistines 
in the conquest of the coast land, for the Jews could hardly have been 
the only ones to be horror-stneken by these terrible slaughtering 
machines, so that, as they themselves often admit, they did not even 
venture into the valleys occupied by the Philistmes, where alone could 
these scythe chariots be used to advantage Among the Egyptian 
troops similar fear must have pi evaded We may therefoie conclude 
that the Phdistmes at the penod of the invasion of Palestme, m the 
thirteenth or fourteenth centuiies B C , mtioduced there a steel 
industry whose higher development must also have gone on for sev- 
eral centuiies m their former settlements, probably on the island of 
Crete On this assumption the beginnings of the steel mdustry 
would reach back mto the first half of the second pre-Christian 
millenium, or to the period fiom 1800 to 1600 B C. Moreover, it 
may be implied [from this that the beginnings of the manufacture of 
wrought-iron objects among the Phohstmes must at least be set in 
the second half of the tturd miUemum B. C.; that is, that the 
working of iion was developed among the Phdistines during a period 
consideiably earlier than hitherto we have been mclmed to assume. 
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My piopositions on the history of the wrought-iron industry^ as 
far as the several peoples are considered, have in pait received prompt 
and unconditional assent, and in part they have been disputed* 

In this way a welcome clearmg of the disputed points was effected 
which will materially facilitate fuither investigation 
The Assyriologists admitted that only the very late Assyrian and 
Babylonian mscnbed monuments mention iron, and also that m the 
excavations iron objects make their appearance at a comparatively 
late period (nmth to eighth century B. C.). Assyria and Babyloma, 
and with them the entire Assyro-Babylonian culture sphere (espe- 
cially also Elam), are thus definitely eliminated from the circle of 
peoples who might be considered as mventors of the workmg of iron 
As regards the Jews, there was at first some opposition. Not that 
they were suspected to have been mventors of ironworkmg, but 
rather as concerns the age and source of their knowledge of iron, 
which there was a strong mchnation to derive from their sojourn m 
Egypt Heretofore I could produce only mdirect proofs m support 
of my views that it was m Canaan that the Jews first learned of iron, 
and the fact that tins metal is not mentioned durmg their wandermg 
m the wilderness, or even m the detailed desciiption of the construc- 
tion of the Tabernacle In the meantime I came across a Bibhcal 
passage which seems to be direct corroboration of my views, namely, 
m Joshua vi, 19-24 

But all tlie silver, and gold, and vessels of brass and non, are consecrated nnto the 
Lord they shall come unto the treasmy of the Lord So the people shouted when 
the pnests blew with, the trumpets and it came to pass, when the people heard the 
sound of the trumpet, and the people shouted with a great shout, that the wall fell 
down flat, so that the people went up into the city, eveiy man straight before him, 
and they took the city And they utteily destroyed all that was in the city, both 
man and woman, young and old, and ox, and sheep, and ass, with the edge of the 
ffword But Joshua had said unto the two men that had spied out the country, Go 
into the ballot’s bouse and bring out thence the woman, and all that she hath, as ye 
ev ?ie uiiio her And the yoimg men that weie spies went m, and biought out Rahab, 
and her father, and her mothei, and her brethren, and all that she had, and they 
brought out all her kmdred and left them without the camp of Israel And they 
burnt the city with Are, and all that was therem only the silver, and the gold, and 
the vessels of brass and of iron, they put mto the tieasury of the bouse of the Lord 

Josbua here gives his commands to the Jews, how they should, 
after the conquest of Jericho, deal with the peoples and dispose of the 
captured booty. All Living bemgs, except the family of Rahab, should 
be kiUed, all the silver and gold, together with the brass and iron 
vessels, should be appropriated to the treasury of the Lord in the 
Tabernacle This last ordinance is, according to verse 24, punc- 
tually carried out. Now, the ordmance with regard to the gold and 
silver objects is easily understood, m a measure also that for the 


1 Compare especially Zeitsclir Etlmol , 1907, pp 341-363, , 1908, pp 46-69 
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valuable bronze vessels But what would the Tabernacle and the 
Temple tieasury do with iron vessels if they were in general use and 
therefore to be had m large quantities and at a small priced No, 
this regulation made by Joshua is inteUigible only if we assume that 
at that time iron was to the Jews something rare and precious which 
they would consecrate along with the other valuable tlnngs to the 
Temple treasuiy. Likewise the passage in Joshua xxn, 8, m winch 
Joshua says to the two tribes and a half, who were returning to 
Bashan and Gilead: 

Return witR much, riches unto yom tents, and with very much cattle, with silver, 
and with gold, and with brass, and with iron, and with very much raiment 

clearly proves that iron objects were then classed as valuable booty, 
even as was the case with the Assyrians m 800 B. C.; that is, about 
300 years later. 

If this view, that iron and iron vessels were then both by the Jews 
and probably also by peoples hvmg still farther away from the 
Phihstmes considered as something rare and costly, the following 
tradition of the non bedstead of Eong Og of Bashan, contamed in 
Deuteronomy in, 11, presents an entirely different aspect: 

For only Og kmg of Bashan remained of the remnant of the giants, behold, his 
bedstead was a bedstead of iron, la it not in Rabbath of the childien of Ammon? 
nine cubits was the length thereof, and four cubits the bieadth of it, aftei the cubit 
of a man 

It has been recently assumed that xt was not a real bedstead, but 
a sarcophagus of basalt,^ which may also have appeared to the Jews 
as something unusual. Whethei, even so, the Jews, who devote 
scarcely a word to the coffins, tombs, and interments of their own 
kings, even the most famous and favored ones, would consider it 
woith mentionmg m their sacred wntmgs, seems to me very ques- 
tionable Besides, it has been entirely overlooked that this iron 

bedstead was still at a much later tune preserved and shown as a 
curiosity (compare Deuteronomy ni, 11), though not, as would be 
expected, in Bashan, but m Rabbath- Ammon — that is, among a 
people hostile to the Jews This fact is difficult to xmderstand if it 
were a sarcophagus, which with its enormous weight could not, hke 
some piece of war booty, be carried from one place to another. 

But if, on the other hand, it is remembered that according to the 
Assyrian cuneiform accounts couches of state of pure gold for the 
prmces of that time were very common, it can be easily understood, 
on the assumption that at the time of the Israelitish mvasion m Pales- 
tine iron was a rare and costly article, that a rich prmco had himself, 
for the sake of variety, made a bedstead of the costly iron And there 
will be nothmg strange that the Jevrs in the account of thoir victory 


1 Compare Blauckenno’ u, Zeirschr Tihriol , 1907, p 305 
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especially mention such an extravagantly expensive object, or that 
this valuable and easily transportable article was earned away by a 
host of the Ammomtes who sometime afterwards may have mvaded 
Bashan (compaie Judges m, 13, where soon after Joshua^s death — 
that IS, at a time when iron could certamly not have become much 
cheaper — there is given an account of a victorious campaign of the 
Ammomtes, Amalekites, and Moabites against the trans- Jordan Jews) 

So much as to the relation of the Jews to our problem 

Seiious objections, though there was also partial agreement, were 
made to my statements relating to the Egyptians This is not 
stiange conceimng a people like the Egyptians, about whom opmions 
are so divided While some mvestigators allow to the Egyptians a 
knowledge of iron only smee about the fifteenth century B. C and a 
more extensive employment of the metal only smee the begmmng of 
the Ptolemaic period, denymg them any mdependence in iron manu- 
factures in the pie-Ptolemaic period, as also the quarrying of iron ores 
or iron castmg, others hold almost an entirely opposite view, supported 
by the sporadic finds of iron m the pyramids and temple rums on 
supposedly untouched sites These mvestigators speak of the Egyp- 
tians^ knowledge of iron metal durmg the fourth or even earher 
dynasties, and less cautious scholars have claimed these pretended 
hoary finds as proof not only that the Egyptians knew the value of 
iron, but as evidence of a veritable non industry m those very ancient 
times 

However, this last bold assertion, supported by Herr Blanckenhorn 
and others, has found few adherents 

There seems to be no real evidence of the existence of a very ancient 
iron industry among the Egyptians, but on the contrary all circum- 
stances pronounce agamst it Serious mvestigators, such as von 
Luschan, Olshausen, and others, are therefore content to emphasize 
the importance of those very ancient iron finds, whose genumeness 
and age they energetically defend agamst skeptics, and to merely call 
attention to the frequent representation of iron objects on old Egyp- 
tian mural paintings, in which the blue-colored objects are assumed to 
be made of iron From these observations they conclude not that 
there existed a native iron industry among Egyptians, but that it 
indicates an mtermediary rdle m the spread of metallurgic knowledge 
of iron among other peoples In the latter class von Luschan partic- 
ularly mcludes the Negroes^ settled m the south of Egypt, and 
recounts many, at first sight seemingly plausible, circumstances to 
show that the iron industiy of Europe had its ongm among those 
Negro peoples, from whom it spread to other peoples through the 
medium of the Egyptians 


> Compare Zeitsclir Ethnol , 1907, pp 379-381, and more m detail, lb , 1909, pp 22-53, 
38734°— SM 1911 ^33 
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VonLuschan thus does not consider that the Egyptians themselves 
were the mventors of ironworking, but i ather attributes to them a 
secondary r6le, and m so far I agree with him as against that group 
of scholars who, notwithstanding all the proofs brought forth, still 
mamtam that the origin of the iron industiy is to be sought in Egypt 

If von Luschan^s view be correct, the following conditions must first 
of all be fulfilled 

1 There must be proof of the existence of an iron industry among 
the Negroes m the very ancient period assumed by von Luschan 

2 It must be proven that ironworking was in very ancient tune 
imported from the Negro territories mto Egypt, and there practically 
employed 

3 It must be pi oven that, and the manner how, the mdustry sjiread 
from Egypt to Asia and Europe 

As to the first proposition, Schwemfurth, like von Luschan, also 
considers the iron mdustry of the Negro peoples as native (not 
imported) and of probably considerable antiquity, although he hardly 
seems to be mclined with von Luschan to ascribe to it an age of from 
4,000 to 5,000 yeais or even more Von Luschan offers no proof for 
such a high antiquity of that industry among tlie Negroes, and we 
may concede to him that on this question conclusive proofs can 
scarcely be expected Von Luschan therefore tiies verisimilar proof, 
pomting out* 

On the old Egyptian mnxal paintings are often seen daik people presenting to the 
Pharaoh blue-colored objects (weapons, knives, etc ) I assume with many other 
investigators that the dark people represent Negroes, and the blue-colored weapons 
are iron ones, hence the Negroes were then in possession of an non industry. 

This method of proof mvolves some serious eriors, for, on the one 
hand, it assumes two premises which are by no means generally 
conceded, and on the other hand, the derived conclusion is false 
{a) Tlieie is thus far no proof that the dark people repi'esented 
Negioes, Afiican Negioes, and if one should wish to recogmze them as 
the hkewise dark inliabitants of the Arabian west coast and of part 
of the Sinaitic penmsula, he could scarcely be convinced of being 
wrong, We may call to mind the tradition of the ancients (compare 
Herodotus i, 1, and vii, 89), accoiding to which the Punt-Pumans- 
Phemcians had, previous to them immigration into Phenicia, lived at 
the Red Sea, and they received then name from the dark-reddish 
color of their skm In my opinion we have in the relation by Herodo- 
tus an histone account of great importance which, very agreeably, 
is supported and corroborated by Biblical data, for this same state- 
ment is mdireedy but distmetly made I refer, in the first place, to 
I Kings ix, 26-28, where it reads 

Aud Eong Solomon made a ILa^y of skips m Eziongeber, wbick is beside Eloth, on 
the sliore of tke Bed Sea, in tlie land of Edom And Hiram sent in the navy bis 
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servants, shipmen that had knowledge of the sea, with the servants of Solomon And 
they ^'ame to Ophir, and fetched fiom thence gold, foui hundred and twenty talents 
and brought it to king Solomon 

This Jewish-Phenician sea voyage is also mentioned in I Kings 
X, 11 

And the na\'y also of Hnam, that brought gold from Ophir, biought m from Ophir 
great plenty of almug trees, and precious stones 

Furthei, ib , verse 22 

Foi the Kmg had at sea a navy of Tharshish with the navy of Hnam once in thzee 
years came the navy of Tharshish, bimgmg gold, and silver, ivory, and apes, and pea- 
cocks 

The same is read m II Chiomcles ix, 21 

„ For the king^s ships went to Tarshish with the seivants of Hiram every three years 
once came the ships of Tarshish bringing gold, and silver , ivory, and apes, and peacocks 

In full agreement with tins Josephus relates m lus Jewish Antiqui- 
ties, vin, 6, §4 

Then the Kmg (Solomon) had built himself many ships in the Egj^tian bay, in a 
place called Gasiongabel, situated on the Ked Sea, not fai fiom the city of Aelana, 
which IS now called Berenice For this entire legion at that time belonged to the 
Jews For the construction of this navy, too, he leceived abundant support from the 
liberality of Hiram, Kmg of the Tynans For Hnam sent hma a number of steers- 
mates and experienced seamen Solomon ordered them, together with his own 
officials, to sail to Sophna m India, the present so-called gold land, and to brmg him 
gold from there They gathered about four hundred talents of it and then returned 
home to the Kmg ^ 

Tlie statement m these accounts that Solomon’s people had built 
the ships at EziongobeT (= Gasiongabel) is improbable, for whence 
could the inland Jews have acquired the professional knowledge and 
skill necessary for such work ^ Had they really attempted to build 
ships on their own imtiative, they would have had the same experi- 
ence as that of Jehoshaphat, Ehiig of Judah, later on, of whom it is 
related in II Chromcles xx, 35-37 

And aftei this did Jehoshaphat kmg of Judah join himself with Ahaziah king of 
Israel, who did very wickedly* And he jomed himself with him to make ships to go 
to Tai'shish and they made the ships m Eziongaber Then Eliezei the son of Boda- 
vah of Mareshah prophesied against Jehoshaphat, saymg, Because thou hast jomed 

ilnconnecti- ' so unportaut account I wish to make the following remarJjs 

1 Josephus ■ to establish without difSculty or uncertainty where the lan4 of 

Ophir or Sophira was located In the face of Ins clear statement that it was India it remains incompre- 
hensible that Ophir was ever seriously sought for m Africa on the Zambesi Ophir is also mentioned on 
the genoplogical tab^e of GeiidJis ( ^ 29) r ^ j aescenuaut of the Semite Joktan, and Josephus, Jewish Antlqui- 
ijcs, i, 6, makes qplieirps, no ho cai^ him, togerhei with other descendants of Joktan, dwell on the Indian 
River Xopnene 'Uir m ndjac ■'nt Yriapo 
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thyseK with Ahaziah, the Loid hath broken thy worke And the ships were broken, 
that they were not able to go to Tai’shish 

And similarly we lead in I Bangs xxii, 48, 49 

Jehoshaphat made ships of Thaishish to go to Ophir for gold but they went not,, 
foi the ships weie broken at Eziongebei Then said Ahaziah the son of Ahab unto 
Jehoshaphat, Let my servants go with thy seiwants in the ships But lehoehaphat 
would not 

The Bible is sdent about the cause of the failure of this first and 
only attempt of the Jews at mdependent seafaring, but it is found m 
Josephus, Jewish Antiquities, ix, 1, §4 

He (Jehoshaphat) also kept fiiendship with Ahab’s son (Ahaziah), King of the 
Israelites, and enteied into an agreement with him to equip ships which should sail 
to the Pontus and the trading places of Thrace But as the vessels weie too big and 
therefore perished, he gave up bmlding othei ships 

Here at is unmistakably stated that the Jews mdeed made an 
attempt at independent shipbuilding, without the assistance of the 
Phenicians, but — as would naturally be expected — ^made a complete 
failure of it. 

Another apparently improbable statement in the Biblical account 
about Solomon is that his people carried on seafaring mdependently 
Here, too, Josephus doubtless gives the correct statement when he 
writes that Solomon sent along his own officials with the T 3 man sea- 
men to Ophir, obviously chiefly as superintendents of the entire 
rather costly undertaking For it is evident that the building of 
ships at Eziongeber must have been very expensive on account of 
the necessity of transporting the requisite timber from the Lebanon 
to the Red Sea 

Considering these several definite accounts, there can be no doubt 
that Solomon^s officials had really undei taken, on ships built at the 
Red Sea with the aid of Tynan ciaftsmen and manned with Tyrian 
sailors, one or more for that time very important sea voyages of thiee 
years' duration to Ophir-India. How came the Tyrian seafarers to 
undertake such a distant and perilous voyage to an unknown gold 
land, from which they were separated not only by many thousands 
of miles of sea but also by a broad tract of land ^ There is no sug- 
gestion that the ships had been sent out haphazard to an unknown 
goal, but, on the contrary, as indicatmg the difficulties of such a 
voyage, it is stated that it consumed three years, probably the normal 
duration of such a trip We may therefore conclude that this sea 
route was nothing new to the Phenicians, but somethmg they had long 
known. But it is absurd to assume that the Phenicians inhabiting 
the Syrian coast had reached the Red Sea overland before the times 
of David and Solomon, and there at random had built ships with 
timber brought along by them, and that they set out at haphazard 
and accidentally discovered India. The statement ot Herodotus that 



DISCOVERERS OE THE ART OE IRON MANUEACTURE — ^BELCK 617 

the Phemcians had previously been settled at the Red Sea will have 
to be given credence; for in this case an extensive sea voyage along 
the Arabian coast, and on such an occasion a chance discovery of 
India by them, would be nothing strange And even after the sub- 
sequent partial migration northward into Syria the enterprismg 
Tyrian merchants would equip expeditions to the Smaitic pemnsula 
and thence, in common with the members of their tube who remamed 
behmd; would barter with India And the Jews, as long as their 
kmgdom extended m the south only to Beer-Sheba, could hardly have 
had any knowledge of this Tyrian commerce This condition changed 
when David routed the Edomites m the battle of the valley of salt, 
falling 18,000 men (II Samuel, vm, 13, 14, IChromcles, xvni, 12, 13; 
Psalms, lx, 2, 10, 11, compare also Josephus, Jewish Antiquities, vu, 
5, § 4), subjecting entire Edom, m which he placed garrisons, and 
imposmg ground taxes and poll taxes In consequence of this not 
only did access to the Mediteiranean Sea, oi the caravan route from 
Elath, but also the harbor of Elath, fall into the hands of the Jewush 
King, without whose permission the Tyrian merchants could not 
undertake then trading voyages to Ophir Obviously they had to 
pay some toll to the new sovereign, which, besides gold, must have 
consisted m merchandise which they brought back from India and 
Arabia If our deduction that the Phenicians contmued their voyages 
to Ophir before their immigration to the Syrian coast as well as after 
is correct, then it stands to reason that this was also the case under 
David^s long reign, to whom they would, after the conquest of Edom, 
pay tribute in gold and other valuables And, as a matter of fact, 
the Bible tells of Ophir gold in the tieasury of David, for m I Chrom- 
cles, XXIX, 4, there are, among other valuables consecrated by David 
for the buildmg of the temple, also enumerated ‘^3,000 talents of gold 
from Ophir 

According to Herodotus, u, 44, the Phemcians came to Tyre, or 
founded this city, 2,300 years before his time — that is, about 2800 
B C, — so that the contmuous seafarmg of the Phemcians from the 
west coast of Arabia to Ophir-India may thus be followed back to at 
least 3000 B. C At the same time it may be assumed -with great 
probability that they sailed not only along the Arabian coast but also 
that of Africa southwaid (at least by way of trial), and thus were, in 
comparatively high antiquity, also acquainted with the east coast 
of Africa We have thus m our investigations as to the age of iron- 
working gained two important data on the seafaring customs of the 
ancients 

Assuming, for instance, that the Phemcians had, as early as the 
fourth pre-ChxLstian mdlemum, either mnDufactiwocl iron 

or imported the mdustry mto the Sinaitic pemnsula from southern 
Arabia or from Crete, then the dark men with the supposed iron 
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weapons appealing before the Pharaoh, as represented on the Egyptian 
mural pamthigs, could readily hare come from the eastern shore of the 
Red Sea — that is, have been Phemcians, von Luschan^s hypothesis 
would thus lose one of its main supports 

The assertion that the dark people carrying blue-colored objects 
were Negroes may thus pei chance be right, but not necessaidy so 
Q)) The same is the case as regards the assertion that the blue- 
painted objects can only be non ones, for emmeiit scholars, among 
whom I may agam mention Schweinfurth, absolutely deny that blue 
designates iron exclusively Schwemfuith, who pomts to the blue- 
pamted beards of men,^ thmks, with Maspero, that blue may also 
designate gray,^ and when it is recalled that arsenical bronze, which 
because of its hardness was much used in high antiquity, is of a 
pronounced gray color, there is no reason why those blue-colored 
objects presented by the dark men may not have been made of arsen- 
ical bronze This asseition, therefoie, lacks conclusive proof 

(c) Even if the assumptions under (a) and (6) were admitted, 
the conclusion that the dark men (Negroes) carrying the blue, or 
supposedly u'on, objects must also be the makers of these utensils is 
unwan’anted Such may be the case, hut it is not necessanly so. 
It would be about the same as if one should assert that the Phemcians, 
who presented to the Pharaoh gold ornaments obtamed by them m 
India, had themselves produced the gold and worked it mto orna- 
ments 

From the preceding it clearly follows that from our present knowl- 
edge the old-Egyptian mural pamtmgs should not be adduced as 
proof of a very early non mdustiy developed by the African Negroes. 

I do not, howevei, mean to deny an early native iron industry 
among the Negroes, but to express my astonishment that these 
peoples could have lemamed thiough many nuUemums with that 
mdustry m its most primitive stage, while all other peoples have 
advanced and developed the ait to a higher degree of perfection 
Thus the first proof requued from von Luschan, namely, that iron 
woikmg existed m high antiquity among the Negro peoples, may be 
considered as not having been furmshed by him As to the second 
pioposition, that the assumed ancient non mdustry of the Negroes 
was in high antiquity imported mto Egypt, the evidence can not be 
considered as adequate and conclusive But even von Lu-clmn him- 
self does not maintain, much less try to prove, that ifu-. -.iJ 2 )pn^j(i 
imported industry from the Negro lands was in any way practically 
exploited in ancient Egypt, so that there were old-Egyptian black- 

* Compare Zeitschr Etlmol , 1908, pp 63,64 

3 Von Xfusdiari inmsGlf, In Zoitschr Etimol , 1909, p. 48, points out that the god \moTi p.-'inted blue, 
w hlch he (^et c a Inins jlf lo ’ b' i \ » > 15 do<»s not prevent Inia h oni r aregoncahy cleojg- 

niitinj as I’-on ores other blue jj‘ uL ^ 00 ^ i v,_i painting 
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smiths and locksmiths, armorers, etc ^ He merely maintams that 
the ancient Egyptians had a knowledge of non 

And here we come at last to the core of the whole discussion It 
,is entirely unimportant in the development of the iron industry 
among the peoples of ancient civilizations^ whether the Egyptians had 
occasionally or often seen, or even sometimes used an iron instrument 
The mam question is rather, whether they knew how to manufacture 
iron objects and actually spread this knowledge m a practical manner 
among other peoples For a knowledge which one neither himself 
practically employs, nor commu n icates to other people for practical 
use, but rather keeps “under a bushel,’^ is of no value m the cultural 
development of mankind And this would be the case with the 
ancient Egyptians if they really had obtamed a knowledge of iron- 
workmg fiom their southern Negio neighbors, foi it has not yet been 
proven, and is strongly disputed by Schwemfurth and others, that there 
were early Egyptian non makers and woikers And that they did 
not communicate to other peoples a knowledge of ironworking, which 
IS falsely ascribed to them, can be shown by two mstances On the 
one hand, the Jews brmg no knowledge of iron from Egypt, nor do 
they designate the Egyptians as the masters and inventors of bronze- 
work and ironwork, but rather the Canaamte Tubal-cam (Genesis iv, 
22). On the other hand, the Greeks^ hkewise, who gratefully enumer- 
ate the benefits the Egyptians have bestowed on mankind and them- 
selves, are absolutely silent about the Egyptians as propagators of a 
knowledge of ironworking and rather name the Cretans as the oldest 
iron manufacturers and mechamcs 

Thus it is seen that all the asserted pi oofs as to the mediatorship 
of the Egyptians in the spread of a knowledge of the iron mdustiy 
fail when put to the test of a keen scrutmy In the face of this mam 
result of our investigatior it is of httle importance, whether or not 
the Egyptians m hoary antiquity came acioss an iron object which 
was the product of a chance manufacture The question raised by 
me was as to the actual “mventors of ironworkmg,^^ and the isolated 
appearance of such iron objects as owe their existence to a chance 
production, are not to be considered. Ironworkmg begins with the 
purposef ulmanuf actme of articles of iron, whose inventors we endeavor 
to discover It would be very encouragmg if other investigators 
would follow up the traces pomtmg to Crete, as indicated by me — 
especially by careful excavations — which in the meantime have been 
most auspiciously corroborated by the traditions of the Greeks and 
Romans. 

Let us consider the Hmdus a moment longer 


1 Sdiweinfurtli, iiowaver, very energetically disputes such, an hypothesis, compare Zeitachr, Ethaol . 
1908, pp 01-62. 
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Blanckenhorn mamtained (Zeitsclii Ethnol , 1907, p 368) that 
iron was generally known in India at least as early as 1500 B C , 
but he was unable to pioduce proofs for this assertion, and as little 
was G Oppert able conclusively to prove that it was known as early, 
as 1000 B C ^ It was merely a conviction of Oppert which he could 
argue with probable leasons, but not support with positive proofs 
Hence I would emphasize the statement that non finds made in 
strata of old East India rums of the tenth to fifteenth pre-Chnstian 
centuries do not justify the conclusion that there existed a native 
iron industry among the Hindus Such objects only prove that the 
ancient Hmdus were acquamted with iron utensils, but not that they 
actually made them We have few accounts of the use of iron by 
the Hindus, and these scarcely favor the assumption of a native iron 
mdustry, but rather suggest that the Hmdu iron utensils of the tenth 
to fifteenth centuries B C were foreign importations, and the 
Phemoians wdl probably have to be consideied as the importers of 
such iron manufactures. For m my opinion it has been proven above 
that the Phemcians at least as eaily as 3000 B, C had regulai com- 
mercial relations with India which they carried on from Eloth-Aelana 
on the Bed Sea If, then, at the period 1300 B 0 , iron and steel 
utensils were practically unknown to the Hindus, as may well be 
assumed, while among the Phemcians they were objects of common 
barter, it seems natural that the latter earned such articles to India 
to use for barter It is therefore not only not impossible but very 
probable that m excavations in India, especially on the sites of har- 
bors, such solated imported Pherdcian non and steel articles will be 
found. 

As regards an iron mdustry among the Chinese, I bave thus far 
not come across any views of smologues on our problem This indif- 
ference of the students of Chinese history is regrettable for the prog- 
ress of this mvestigation, the more so smee Chma is probably to be 
looked upon as a second mdependent source of a native non mdustry 
and so also of mdependent inventois of non implements 

Such contributions as anthropologists, ethnologists, historians, and 
naturahsts could make to the elucidation of our problem have to a 
gi'eat extent been piesented, but as to the cooperation ’ 

there is much left to be desmed from them. A great 
an exammation of the cuneiform texts for the first mention of iron, 
and of possibly still greater importance is a study of the Egyptian 
inscribed monuments for the same purpose On the other hand, 
comparative philology could in many cases indicate the way m which 
different peoples became acquainted with the metal and at the same 
time received and adopted its nnmo It piobablo that the name 


1 Zeitsclir EUmoi , 190S, p, 60 
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given the metal by the inventors of ironworking migrated along with 
the metal to very many peoples, and philologians could therefore 
render valuable help in the search for the earliest iron mdustry 
I can not close this discussion without leferrmg with special satis- 
faction to vonLuschan^s lucid and thorough tieatise on African iron- 
workmg and the furnace apparatus and blowing appaiatus employed 
by the Negroes ^ A contmued comparison of these utensils with 
those in use among peoples of other continents, will doubtless jneld 
some important conclusions as to the age and pecuharity of iron- 
worlong among the Negroes as well as among other peoples Simi- 
larly, we giatefully hail the investigations of Olshausen, Grosse, 
Busse, Krause, and Giebeler ^ of the quarrymg of iron in prehistoiic 
time, especially in Germany, which are valuable contributions to our 
"question Although I can not agree with these investigatois on 
every point, I am glad to state that on the prmcipal questions there 
IS general agreement In the near future I hope to present a separate 
study on the chemico-technological side of the quarrymg of non and 
of metals m general in antiquity 


1 Zeitsehr Etlinol > 1909, pp 22-63 


2 Zeltsclir Etlinol , 1909, pp 60-101 




THE KABYT.es of NOETH AFEICA 


[Witli 12 plates ] 


By A Lissaxjee^ 


Willie traveling in Algeria a year ago for recreation the only ob]ect 
I had in view, like all touiists, wa-5 to receive the passing impressions 
of landscape and art as they offered themselves along the road 
Soon, however, there was pressed upon my attention many interest- 
ing questions about the historic and prehistoric periods of the coun- 
try. I could not resist their fascination, and thus I became more and 
more engaged in studying the archeological and anthropological 
problems which the natives of Algeria and the surrounding coun- 
tries, the home of the Kabyles, offer to the investigator I pass ovei 
the numerous beautiful monuments of historic time, for they are 
described in every guidebook 

But besides these memorials of the ten invasions of various peo- 
ples of historic time, from the Phemcians to the French, there exist 
in north Africa thousands of megalithic tomb structures about which 
history has nothing to say Some of them fully resemble those of 
Europe; otheis are peculiar to that region 
. These megalithic monuments may be divided into two classes: 

I DOLMEN*, MENHIR, AND CROMLECH, AS THEY ALSO OCCUR IN EUROPE 

1 In Morocco there were still, in 1876, about 70 dolmens pre- 
served in five groups between the Straits of Gibraltar and the River 
Loukhos (the Lixus of the ancients), and at Beni Snassen, on the 
frontier of Algeria A group of about 10 menhirs, which as late as 
1830 numbered 90, was also in Mzora, south of Tangiei , finally, there 
were then still in existence, west of Fez, a number of cromlechs. The 
tombs are hidden in a hill so that only the stone covers are exposed 
on the surface They contam crouching skeletons and coarse, poorly 

1 Translated, by peimission, from the German Aiclid.ologlscbe iind antbiopologlfiche 
Studien neber die Eabylen Von A Lissauer, Zeitacbrlft fur Ethnologie, vol 40, part 4, 
1908 Berlin, 1908, pp 601-529 
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made potsherds, intermingled with coal Alongside of a dolmen lay 
three silex axes and a crude figure of i eddish sandstone 

2. In GuyotviUe, near Algiers, only nine out of several hundred 
dolmens, which in the middle of the last century were still standing , 
upright and smce then earned off by inhabitants for house building, 
aie now preserved in perfect condition. These were saved through 
the interest of the late German professor^ Kuester, an instructor at 
the Lyceum, m Algiers, who acquired these remnants, together with 
a vmevard One dolmen contained two ciouchmg skeletons, the 
bones of a child, a bionze bracelet, and potsherds, 

3 At Bou Nouara, near Constantine, on the road to Guelma, there 
IS a laige number of dolmens, mostly sui rounded by stone circles 
(pi 1) , as also at Signs (pi 2 and pi 3, fig 1), Ksar Mahidjiba 
(pi 3, fig 2), and El Kheneg, all m the neighboihood of Constan-* 
tine 

4 At Bou Merzoug, near Oulad Rahmomi, there aie about 1,000 
dohnens, inclosed by one or more stone circles Their contents con- 
sisted of cowering skeletons, accompanied by copper rings, pots, 
bowls, and horse bones One tomb contained iron rings, copper rings, 
and plates, fragments of worked flint, potsherds of very fine clay, 
and a bronze medal of Faustina. 

5 At Eokma, on the road from Guelma to Hammon Meskoutine, 
there are several thousand dolmens, with contents similar to the 
preceding 

6. At Henchir el Hadjar, xn the territory of Enfida, in the mgency 
of Tunis, there were still preserved in 1904 about 400 dolmens, mostly 
passage graves, often surrounded with cromlechs or stone circles. 
The tombs are often built entirely in the ground, so that only the 
flat stone cover on the surface indicates the tomb. They comprise 
up to six stone chambers, each with a threshold stone, and contain 
exnuchmg skeletons of both sexes with platylmemic tibia and pot- 
sherds 

7 Still farther south the existence of megalithic monuments has 
been chscoveied, as a ciomlech of the expedition Choisy at Am 
Messine, between Laghouat and El Golea, and a dolmen of Johnston 
in Uganda. 

IT. MEGALITHIC MONUMENTS PECULIAR TO THE LAND OF THE KABYLES 

Only the most important wiU be mentioned here. 

1 Quadrangular gigantic chambers at Ellez, in the neighborhood 
of Le Kef in Tunis They are chambers of four large stone plates 
with dooi-s and small windows in the doorplates. Two lows of file 
such chamhei'^ each are separated by a passage and covered with 
^uone plates in form of a gable roof The general entrfince to the 
cemetery is closed with four large stone plates. 
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2 Oven-sliaped tombs of large stone plates, forming a vault whose 
upper keystone is supported by two very large stone plates at the 

• entrantje. These tombs are seen at Hammam-Souklira, in the region 
^ofEllez. 

3 Cone-shaped tombs, the largest megalithic monuments in the 
country, are found at Henchir-el-Assel, in the territory of Enfida, 
Tunis They consist of two concentric circles of large stone plates 
1 5 meters apart and are covered with a cone-shaped roof in such a 
way that the top of the roof is a flat cone whose apex is formed by 
the large stone cover of the grave chamber Hamy found here 106 
such tombs, in various states of preservation, the largest of which 
measured 19 meters in diameter. These prehistoric structures are 
evidently the prototypes of the beautiful Mauretanian royal tombs of 
Medracen near Batna and of the so-called Tombeau de la Chretienne 
near Algeria, the models of which have been set up in the Trocadero 
at Pans and in the museum of Algiers 

4 “ Senam” — that is, stone circles with a niche-shaped eiitiance— 
have been investigated by Maciver and Wilkin^ at Msila in Algeria, 
where about 100 can still be seen, although the Arabs have been for 
a long time carrying away the stone plates for building purposes. 

Besides those named above there is still a series of other mega- 
lithic monuments which have been described by Letouineux,' and 
will be here merely mentioned They are the “ Bazina,^’ which ap- 
pear to resemble the Senam , then the “ chouchet,'’ tower-shaped 
structures, which have especially become known in the xUires and 
Hodna, and finally the Hanouat ” or rock tombs, as they are known 
in Sicily. 

On the question as to what period these monuments belong, only 
excavations can give an answer Unfortunately till now only a rew 
tombs in proportion to their great number have been explored. Only 
this much is fully known concerning them, namely, that they contain 
sitting crouching skeletons, accompanied with potsherds and rings of 
“ copper ” and of genuine bronze Kear one dolmen lay also three 
silex axes and a crude stone figure. On the other hand, one dolmen 
contained rings, a bridle, a bit of iron, and a coin of Faustina While 
thus the larger number of dolmens containing accompaniments (12) 
must be ascribed to the stone or bronze age, one at least belongs to 
the Roman period It is tiue that further investigations may show 
that a gTeat many of these megaliths were still in use during the iron 
age^ — but the conclusion that they were already in vogue in the bionze 
age can no longer be disputed 


1 Randall-MacWer and Wilkin, Libyan Notes, p 78 
3 ArcMv ftir Antbropologie, li, p 307 S 



526 AKNXJAL REPORT SMITHSOKTAK INSTITUTION, 1911. 


The study of the skulls from the dolmens in Rocknia (20) and 
Guyotyille (2), in two of which the greatest width could not be ac- 
curately measured, resulted, according to the German division, in 
60 per cent dolichocephalic skulls, 30 per cent mesocephalic and 10, 
per cent brachycephalic, thus indicating a preponderance of dolicho- 
and mesocephalic people 

The significance of this result will be dwelt upon further on 
Besides these megalithic monuments there are also numeious re- 
mains of a paleolithic and neolithic jieople in north Africa That 
Africa had a stone age was proved in 1882 by Andree,^ and since then 
this fact has been fiequently confirmed Through the well-known 
expedition of Foureau-Lamy, as also through Pallary, Ferrand, and 
Flamand, large collections of the earlier and later stone age became 
known, pait of which is preserved in the museum at Algiers Aii 
excellent survey of the latter is given by Flamand ^ These finds 
come chiefly from the highland in southern Oran and the Sahara as 
far as the regions of the Tooarceks and consist of celt axes, moustier 
points and scrapers, and laiirel-leaf-shaped arrow points; further, 
polished stone axes of the common sort and of the double obconic 
form (hache en boudin) , then, especially at Ouargla, m southern 
Algeria, numerous arrow points of the known forms as well as also 
of a peculiar shield-shaped kind,? with long point and handle (pointes 
a ecusson), also points with transverse edges and a land of harpun 
(hamegon double), finally large spearheads — all of silex or siliceous 
limestone , besides pearls made of shells and ostrich eggs, polishmg 
stones, millstones, and other objects 
Flamand also discovered anew in south Oran a large number of 
stone engravings and published an instructive survey of these monu- 
ments in north Africa, of which those with Kabyle inscriptions and 
representations of extmct animals are especially important ® 

Hamy likewise came across many neolithic finds in southern Tunis. 
Among these, zemnaiits of earthenware are rare though veiy instruc- 
tive because they were built up or molded m baskets, so that they 
retain an impiession of the texture as an ornament In the pursuit 
of his mvestigations he found that only the baskets of the Somahs 
continue to bear the same ornament as the vessels of the neolithic 
stations in the Sahara and in southern Tunis 
If we inquire what people left all these remains of their existence 
we are confronted by great difficulties This much is clear, it must 
have been a settled people, spread over all of northern Africa from 
Tripolis, or certainly from the Gulf of Gabes, to the Atlantic Ocean 
As evidence of this the great number of monuments still surviving 
speaks in clear and unmistakable language. 

1 Globus, 1882, p 196 

^ Revue Africaine, 1906, No. 261, 262, p 204 f£ 

® lu the publications of the SociSt^ d’Anthropologie de Lyon, 1901, p 6 
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Herodotus (i, iv, especially 168) relates in legendary manner that 
north Africa, from Egypt to the Pillars of Hercules, was originally 
. inhaJni^d by the Libyans, who, however, were divided into many 
cfibes whose names can not now be positively identified Sallust 
^ (He bello Jugurtmo, 18), who drew from the lost writmgs of King 
j Hiempsal II of Numidia, relates that the aborigines of north Africa 
^ near the seacoast consisted of Libyans, while south of these were the 
Gaetules Later, however, Armenian, Median, and Persian immi- 
gi'ants from western Asia, who supposedly had gone with Hercules 
to Spain and after his death were scattered, invaded north Africa 
and were entirely absorbed by the natives* The Persians amalga- 
mated with the Gaetules and called themselves Nomads, whence the 
name Numidians originated ; the Armenians and Medians united with 
the Libyans, who coriupted the name Medians into Moors Later, 
however, the Numidians subjected all the other tribes and formed a 
people under one name Thus the region was found by the first 
historic invasion of the Phenicians 

From this people descended the modern Berbers, who according to 
the genealogical tribe legends of the Berani, a Berber tribe of fair 
complexion, were called in antiquity Barbara,^ they themselves, how- 
ever, being designated as Kabyles, after the native word “ Kabila,” 
that IS, “ a union of several Gurbi (small huts) on one point.” 

Without discussing the legendary etymology of the name of the 
people, we may conclude from this account that even before the in- 
vasion of the Phenicians there was an invasion from western Asia, 
and that the aborigines of the Libyans and of the Gaetules did* not 
represent a puie stock If it is now recalled that after the Phe- 
nicians there immigrated Greeks, Romans, Jews, Vandals, Byzan- 
tines, Arabs, Turks, Spaniards, and French, who more or less inter- 
mixed with the natives, it seems impossible to distinguish and anthro- 
pologically determine the aborigines from the present inhabitants 
Fortunately some Kabyle tribes have from ancient times protected 
themselves by their love of freedom from subjection, and through 
their pride, from any intermixture Retreating to the highest pomts 
of the Atlas, whither enemies could not pursue them, they preserved 
their independence, the purity of their race, and their old language, 
the “ Taniazirt,” although they exchanged their own original sciipi, 
the ^^Tifinagh,” for the Arabic, and their oiiginal religion for the 
Islam. 

The language of the Kabyles, the Tamazirt, which has been thor- 
oughly studied by Basset, belongs to the gTeat Libyan family, of 
which already 40 dialects are Imown, among which is included the 
ancient language of the Guanches in Teneiiffe It extends from 


^ Cles, Sallust, Der Krieggegen Jugurtha Berlin, Langensclieidt, p 112 ff. 
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Senegal to north Africa, and certainly from Morocco to Turns, but 
the peculiar script is in present use only among the Tooarceks 
Tamazirt is closely related to the language of the Copts, therNu- ^ 
bians, and the Somalis, It thus belongs to the Hamitic language^ 
group and also exhibits a certain relationship with the Semitic, but J 
absolutely none’ with the Indo-German language group I 

These pure Kabyles are found only upon the highest points of the 
inhabited Atlas, in the Eif of Morocco, in the gi'eat Kabylia of 
Algeria, in the Aures and in Enfida in Tunis. Those in the Eif 
have been studied by Tissot^ and Quedenfeld^, those of the Auies, 
where they call themselves Shania, by Laritique® and Maciver- 
Wilkin ^ ; and those of Tunis by Collignon ® and Hamy To obtain 
a closer personal knowledge of them, I made a trip to the great 
Kabylia, as I had the good fortune to secure as a guide a native 
Kabyle, a servant at my hotel, who was very intelligent and, besides 
his mother tongue, was well versed in Arabic and French 
The country of the great Kabylia — ^that is, that part of the Atlas 
which attains its highest point in the Jurjura, extends from Haus- 
sonville, on the railroad from Algiers to Tizi-Ouzon, and Bougie in 
the noith, and Beni Mansour in the south'^ (pi. 4, fig. 1) 

The Jurjura, rising to a height of 3,208 meters, and till far into 
the summer covered with ice and snow, forms an imposing, pic- 
turesque, connected chain of mountains, separated from one another 
by deep ravines Around, and partly parallel with them, run other 
ranges of high mountains likewise cut by deep ravmes All the 
waters from the Jurjura are gathered in the Sebaou, which at 
Dellis falls into the sea. The deep precipices, which rise steeply to 
a height of 180 to 2,000 meters, are closely planted clear to the top 
with vines, figs, olive trees, wheat or barley, ash, oak, and euca- 
lyptus, and the ridges and adjoining slopes are so closely settled 
with villages that the population attams here a density of 172 to 190 
to the square kilometer, which surpasses even that of Holland, the 
second most densely populated country in Europe, with only 149 to 
the square kilometer (pi 4, fig 2) 

The center of this entire country is Fort National (pi. 4, fig 1), a 
fortress established in 1857, through which the French Government 
dominates the entire Kabylia — it is therefore also called by the peo- 

Bevue dMntliropologie v 1870, p. 390 ff 
Zeiticlirlft luei Ltlmologie, 1888-9 
«T.l!ritibncl Fiachei, Hittelmeex Wider N F 1908, p 390 

Amopg tbe Berbers of Algeria, p 57 aud Macivei^Wilkm, Libyan Notes, 

p 23 ff 

® Materlaux pour rblatolre de rHomme, 1887, p 172 ff 
« La Tunfele au dfibut du XXme sl&cle, 1904, p 1 ff. 

am indebted for tlie folloxving cuts witb one exception to the photographs taken by 
M Achaid In Tort National, in whose store I bought Uiem 
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pie a thom in the eye of the Kabylia ” Modem cities are un- 
known to the Kabyles, who live only in villages of varying size, 
^,/r^i^ftnch started establishing cities in the neighborhood of the 
p^^er village settlements in order to create appropriate residences 
/(for the military and civil officials, thus in Tizi-Ouzon, Fort National, 
I^^Michelet and otlieis 

^^^’’^^The Kabyle villages consist merely of low, stablelike huts, whose 
walls were originally constructed of poles of about the thickness of 
an arm, and rude branches of olive trees, eucalyptus, and ash were 
then mtertwined with their ramage, plastered and made tight with 
clay, all being erected without any rule or system. The walls sup- 
port a slanting roof with coping made of branches and straw, with 
no outlet for the smoke (pi 5, fig. 1) A wooden door opening into 
the dwellmg does service likewise for window and chimney. These 
“brushwood, huts’’ are low and small, about 3 meters in breadth and 
length and 2 to 2 5 meters high, and aie commonly designated by the 
French as “ gurbi,” while in Kabyle they are called “ acham.” 

In the interior the floor of clay is without covering More or less 
in the center is the fireplace, a small depression of about 0.5 meter 
in diameter, on whose edge lay three stones on which rest the pots 
for cooking 

Within the hut, usually at the entrance, are stalls for the cattle 
(mule or sheep). At the opposite side of the room is a kind of clay 
bench, which serves as a sleeping place (in Kabyle, “ tirarrard”) for 
the family, being covered for the night with any suitable material. 
Above the bed for the cattle agricultural implements and tools are 
stored, and on the other walls are places for holding household uten- 
sils, clothing, ornaments, and other objects. 

This primitive style of architecture has been steadily disappearing 
since the French occupation But there are still many villages that 
consist only of such “ brushwood ” huts. The walls of the houses are 
now generally constructed of stones (ph 5, fig. 2; pi. 6, fig. 1), the 
roof IS covered with tiles, and m smgle rare cases supplied with a 
chimney. In the mterior of the houses, however, the arrangement 
and furnishings have not changed 

So also the barns for drying of hay and straw are still built like 
the old achams (pi 6, fig 2), only that they are round, the roof um- 
brella-shaped, and the walls not so carefully made tight as in the 
dwellings 

The homc^ of the richest Kabyles, like those of the French, are now 
consiructod in iiioonsh style, so that it may be expected that by 
another generation the primitive brush huts will entirely disappear 

Coffee houses are very numerous and are built in the same manner 
as the private dwellings, only of larger size. 

38734^--sm 1911 ^34 
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The village streets are generally nothing more than gutters washed 
out by the ram, without repaii or improvement In the center of the 
village, however, there is a large free space or square 
men crouch or lie down and indulge in story telling Here afe:, 
stands the cQuimunal house, the taasest,” its construction the sam^ 
as other buildings ^ 

The Kabyle men (pi 7) are sturdy and are exceedingly hardy 
in withstanding privations and the influences of the weather Hero- 
dotus says (i 4, 187) : “ The Libyans are in fact the healthiest men 
that I Imow ” They are slender and of medium height, although 
persons over 180 centimeters tall are not very rare, yet undersized 
and weak ones are hardly ever seen Prengrueber ^ gives the results of 
measurements of 291 pure Kabyles as follows: 28,9 per cent, 161-163 
centmieters, 46,6 per cent, 164-170 centimeters, 24.5 per cent, 171-17^) 
centimeters, minimum, 150 centimeters; maximum, 185 centimeters. 

The Kabyles have a dignified carnage, but are not conceited or 
haughty like the I'urks and Arabs The color of their skin on the 
uncovered parts of the body, as the face, hands, and feet, which are 
exposed to the sun, is brown, and often, among the field workers, 
dark brown, but on the covered parts it is white, as with the Euro- 
peans They are, therefore, as regards their bodily characteristics, 
wrongly counted among the Haimtes, who are brown over the entire 
body, and transmit this character to their children, as I learned by 
observing a new-born Somali child ^ The eyes are generally brown 
(88.6 per cent,^ of which 41 3 per cent are dark brown, 47.3 per cent 
light brown) ; the hair is black (74.2 per cent, 59 7 per cent deep 
black, 14 5 per cent black brown) The face is handsomely oval, 
orthognathic, the forehead high, the nose straight and well-propor- 
tioned, the mouth generally small. The ear is not large, and fre- 
quently without lobes The growth of the beard is thick, but a long 
beard is rarely worn , so also the hair of the head is kept short The 
expression of the face is intelligent and benevolent 
The head formation occasionally exhibits a strongly prominent 
occiput; rarely is the region of the temples vaulted Narrow heads, 
inclining to dolichocephaly, are very common, and brachycephal 
heads are never seen. Prengrueber gives the following indices of 
182 measurements: of 72 2 per cent, 36 4 per cent were dolichocephalic 
up to 76 and 85 8 per cent subdolichocephalic up to 77 7 ; 15.7 per 

iDr, Prengrueber has been for many years government and colonial physician in the 
great Kabylia with his residence at Palestro, and has improved the opportunity fox the 
anthropological study of the Kabyles to write a compiehenslve treatise, which was 
awarded the prlz^ by the Paris Vnthropologlcal Society, but up to the px^esent has not 
bee’' p\bll=ihed At my requ-^st he readily placed the manuscript at my disposal with 
permission to u'^e t^e data coulamed in it for my studies I here express to him my 
^\ariuest thanUs for this courtesv 

^ZeU'^chrift ffir Ethnologic, lOOO, p 169 

^ These statistics are everyv here taken from Prengrueber’s treatise. 
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cent were mesati cephalic up to 80 ; 8 2 per cent subbr achy cephalic up 
to 83 3; and 2 7 per cent brachy cephalic above 83 3 ; minimum, 65 ; 
maximum, 85. 

\ llie Kabyle skull (pi. 8) in the geological collection of the college 
^at Algiers, the jSne photograph of which I owe to the kindness of 
Profs Fischer and Savornm, has an index at 76 6, and is as well 
farmed as the heads of most of the Kabyles 
On the whole these people make the same impression as the southern 
Europeans and might readily be regarded as Spaniards or southern 
Italians if they were correspondingly dressed 

But besides these black-haired and brown-eyed people there are 
also many blond persons with blue eyes who make the exact impres- 
sion of European northerners. Occasionally the color of the hair 
16 rather reddish. 

Prengrueber found the hair in 3 34: per cent light brown, 1 67 per 
cent very light brown, 5 20 per cent blond, 1 per cent ashy blond, 2.23 
per cent more white (13 44 per cent) ; while the eyes in 3 85 per cent 
blue, only with blond or slightly red hair ; 8 35 per cent light green, 
with blond or black or light brown hair 
Divergent are the data of Faidherbe,^ who observed in Constantine 
10 per cent blond Kabyles, and of Maciver and Wilkin,^ who in the 
Aures likewise noted 10 per cent, while Tissot,^ who was for a long 
time French ambassador m Morocco, estimated the number of blonds 
among the Kabyles of the Kif, of Tangier, and Tetouan at at least 
one-third of the population, and Quedenfeld^ even at two-fifths. 
On the other hand, according to Rohlfs and Quedenfeld no blonds 
occur south of Morocco among the Shloh 
These blond Kabyles so much resemble our northern Europeans 
that according to Quedenfeld they would be simply taken for north 
Germans, or according to Maciver and Wilken for Scotchmen if they 
dre^ed the same 

Black individuals, genuine negroes, are rare, but mulattoes, prog- 
nathic and with gross faces, which indicate an admixture of negro 
blood, are frequent. 

Persons with somewhat curved nose are often met with, so that 
many children and adults remind one of the Jewish type. 

The women are distinguished for their beauty (pi 11, fig 1). As 
they do not veil their faces nor wrap their forms, as the Arab women 
do, one has opportunity to admire them in their entire beauty They 
are slender and of medium height The hair is not cut and is worn 
rather loosely Large, bony figures are seen only among the negresses, 
who live among them as servants, or, though rarely, as wives 

1 After Reclus, Nouvelle G^ograpMe Universelle, 1886, xl, p 380ff. 

2 Libyan iSfotes, 1 c , p 97 

®ReYne d’Anthropologle, 1876, p 390 

^ Zeitsclirift fur Ethnologie, 1888, p llSff 
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Boys are circumcised at the age of 3 years At the age of 15 boys, 
as well as girls, marry 

The dress of the Kabyles is very simple and, in Algeria, ifi^ibe^ 
for iicli and poor (pis 9 and 10) A cotton shirt is worn next U] 
the skin and over it is a second shirt-like dress which reaches to the 
loiees, and over this, for men, a white woolen mantle, a kind of 
biirnus, which hkewise leaves the lower parts of the thighs free, and 
in walkmg is so draped that the left arm rests as in a sling, while the 
right arm from the elbow remains free The women usually wear 
only the two shirts and a kind of shawl wound as a belt around 
the hips; the fore arms and lower thighs are entirely free, usually 
also the feet. Trousers and stockings are used neither by the men 
nor the women, but the wearing of shoes is frequently noticed. 

Upon the head the men usually wear a red fez, the shashiya, round 
which a piece of cloth is wound in form of a turban. Old men 
sometimes wear a black, and the poor often a white fez, over which 
the head part of the mantle is drawn in form of a capouch. 

Their entire clothing is often very dirty and ragged so that the 
men look as if they had pulled an old long sack over their heads for 
their walking dress. Occasionally they wear discarded European 
vests or torn trousers that obviously produce a ludicrous impression 
on Europeans 

In contrast to this the higher judges or Kadis, who were installed 
by the French Government, wearing red burnuses often decorated 
with many orders, and the police officers m their black ones, high 
stockings, and shoes, make a dignified appearance in their picturesque 
costumes. 

With the women the second shirt is often dyed red, blue, or striped, 
so also the head handkerchief, which they wind around the head so 
that the hair streams out somewhat wildly from beneath it Their 
personal ornaments consist of simple pendants of silver filigree, 
corals, and glass pearls, which are worn on the head, around the 
neck, and on the bieast, or earrings, bracelets, and anklets of silver; 
rarely, for display at festivals, are the ornaments of a richer combi- 
nation. Children often wear a whole row of amulets suspended from 
the neck. The women love finery but are generally modest and indus- 
tnous. 

The mam occupation of the Kabyles consists in tilling the soil. 
Stock raising as an industry is comparatively insignificant The 
mnlc ])o^ foii'i-. nil the work of the horse or ass in other regions — ^but 
1 - r (» ki:k of small flocks of sheep and cattle Men and women 
ai: H oil at work in the fields. 

The tilling of the soil is chiefly carried on for the wiuouiir of 
barley, wheat, grapes, figs, and olives, which are aU 3 t gicat demand 
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as articles of trade Wine and oil especially are exported in large 
quantities 

The women also perform all the domestic labor, as cooking and 
weaving, m the well-known primitive manner (pi 11, fig 2, and pi. 
12, fig 2) Pottery making is also the special task of the women. 
The vessels are burnt and often handsomely painted in yellow and 
colors 

The men make the filigree ornaments of silver, the agricultural 
implements, and all the thmgs required for house building 

The food consists principally of breads butter, oranges, figs, dates, 
and rarely meat Peculiar is the kuskus (in Kabyle, soksa), the 
preparation of which is somewhat complicated Into a large dish 
are put meat, a great deal of pepper, salt, some vegetables, and 
Vater Over this is a second dish with a sieve-like bottom, into which 
flour — ^mostly barley flour — is placed The whole is then closed 
with a cover and put on the fire. The steam from the lower dish 
pervading the flour effects the formation of small balls (pi. 12, fig. 1), 
which are then served in a separate plate from the meat soup, but 
which for a European palate is too strongly peppered 

Many men and children loaf all day in the streets and coffeehouses, 
the children, in particular, begging But this will soon change. The 
Government has, besides the building of excellent roads, undertaken 
a second most important civilizing work m educational lines which 
has already produced good results Beginning m 1893 primary 
schools have been established in which French and Kabyle children 
are commonly instructed. Each school has two classes and two 
teachers, a Kabyle and a Frenchman, who are trained in a large semi- 
nary at Bouzaria, near Algiers, in both languages As the Kabyle 
children are very docile they soon learn to read and write French, 
arithmetic, and also the elements of the natural sciences in order to 
combat the widely spread superstition. The Government grants each 
school a subsidy of 80 per cent, the rest is borne by the municipality. 
Up to the present, 80 such schools have been established, which 
are obviously too few for such a dense population ; but the children, 
who in some cases have to walk three kilometers to school, come gladly 
and by their mannered behavior and knowledge of languages dis- 
tinguish themselves very notably from those who have grown up 
wildly. There are also said to be in the larger places Kabyle physi- 
cians and lawyers who have studied alongside the French. One can 
observe the rapid progress of the beneficent influence that French 
civ]lizat]on has exercised in this country. At the same time the 
Kabyle language is spared and at present as far as possible preserved. 
Under the leadership of a well-known authority on the Kabyles, 
Prof Basset, the Government sends out scientific missions for the 
study of the various dialects. They have no literature, nor histoiucal 
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traditions; they only know that before the invasion of Islam they 
were Eoman — further back their recollection does not go. On the 
other hand, they have many Kabyle legends and tales. 

As to whether the ancestors of the modem Kabyles were also the 
builders of the dolmens, the only means of determining are the few 
excavated dolmen skulls. It has been seen, it is true, that the pure 
Kabyles are predominately dolichocephalic or mesocephalic, and that 
the 20 skulls which were taken from the dolmens of Roknia and 
Guyotville show approachingly the same form Still, aside from the 
fact that the craniological character alone is not decisive, we can not 
determine at present whether the apparent relation of the skull forms 
to one another will not be changed after hundreds of dolmens have 
been explored. The most that we can now say is that the mvestiga- 
tions thus far carried on are not opposed to the assumption that th6 
explored dolmens were erected by the ancestors of the modern 
Kabyles. The question of the introduction of this custom will be 
discussed later on 

No less difficult is the answer to the question as to whether the rich 
remains from the stone age came from the Kabyles According to 
the investigation of Hamy, quoted above, certain pots of the stone 
age (corrugated pottery) show that they were in the form of baskets, 
such as are at present exclusively in use among the Somalis This 
observation would certainly support Hamy’s assumption that the 
people of the stone age in north Africa were related to the Hamitic 
Somalis, if a conclusion from the similarity of culture forms to that 
of this race were summarily permitted 

Summing up the result of all these investigations, the following 
proposition can be maintained : 

All pure Kabyles in the Rif of Morocco, in the great Kabylia, in 
the Aures and in Enfida in Tunis belong to the white Mediterranean 
race, and are more or less strongly intermixed with blond, blue-eyed 
individuals of northern European character They all speak a dialect 
of Hamitic language belonging to the Tamaziit ” 

There arise four new pioblems which are of much interest for 
general anthropology 

1. "Whence came the blond Kabyles^ It is easily comprehensible 
that the strange appearance of so many blonds amidst such a sun- 
burnt population with black hair excited the attention of many 
investigators, particularly the French. Already in 1876 Faidherbe 
and Broca ^ taught that the blonds were the descendants of the 
Tamahu or northlanders, who, according to the famous inscription 
of Karnak, at about 1400 B, 0., advanced into northern Africa as far 
as Egypt after Celtic tribes had already, in the fifteenth or sixteenth 


^Eevue d’Anthropoiogie, 1876, p 393 ffi 
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century, immigrated as far as Andalusia These northlanders had 
also introduced from Europe into northern Africa the custom of 
megalithic structures, as was also maintained by Bertrand. 

On the other hand, Shaw ^ declared that the blonds, it is true, im- 
migrated from Europe, but only in historic time, that they were the 
descendants of the Vandals whom Gensenc, in 429 A D., led over 
from Gibraltar to northern Africa This view was afterwards taken 
up by other investigators, especially Quedenfeld.^ But Broca, on 
the basis of information of Procop, rightly points out that most of 
the 50,000 Vandals whom Gensenc brought over, perished in the 
struggles with the native Moors, Numidians, and later with the 
By 2 ^antmes, so that m 644 A. D. only 420 men remained who were 
partly killed with their last leader Gontharis and partly transferred 
^to Constantinople Smce then the Vandals have entirely disappeared 
from northern Africa 

Besides, the ancient authors of the third century B C and the 
third century A. D. assert that there were among the native Berbers 
many fair and blond ones ^ 

Fmally, Sergi,^ on the basis of his craniological investigations, 
maintained that the blonds did not immigrate but were native In 
northern Africa, especially on the heights of the Moroccan Atlas, 
under the influence of the altitude climate He refers for this to 
Livi’s results of anthropometry, accordmg to which in the popula- 
tion of Italy dwelling at above 400 meters altitude the blonds pre- 
dominate, below 400 meters, the brown Against this Quedenfeld® 
points out that among the Shloh m southern Morocco not a single 
blond is to be found notwithstanding that the people partly hve on 
still higher mountains on the great Atlas. 

Still other hypotheses have been set up to explain the strange 
appearance of blonds among the Kabyles. They aie said to be de- 
scendants of Roman mercenaries from the north, or to have come 
from the East, after the explusion of the Hyksos from Egypt The 
former view seems to be contradicted by the numerically and geo- 
graphically great diffusion of the blonds, while the latter view lacks 
any record of the existence of blonds among the Hyksos 

If it IS asked which view is most probable on the basis of our 
present knowledge, I can only say that as long as we are ignorant of 
all the conditions on which the distribution of the pigment among 
the various races of mankind depends we must be guided by actual 
observations. Now we know that only in northern Europe, and 


^ Revue d’AuthropoIogie, 1876, p 398 ff 
azeitscbrift fiir Ethnologie, 1888, p 116 

Fischer, Mittelmeerbilder, N F, 1908, p 390 
^ Sergi, The Mediterranean race London, 1901, p 73 ff, 
®Zeitsclirlft fUr Ethnologic, 1888, p 115 
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nowhere else upon eaith, is there a zone in which a large contiguous 
blond population is autochthonous, and we are therefore compelled 
to assume that wherever else on earth blonds emerge island-likej'they 
are derived fiom the north European zone. The opponents of this 
view would not take it seriously if one maintained that the Negro 
population in Haiti or in North America were there autochthonous — 
and yet commit the same error as regards the blonds 
We can, therefore, only assent to the view that the ancestors of 
the present blonds among the Kabyles must have at some time emi- 
grated from northern Europe into north Africa and this view would 
account for the occurrence of numerous blonds m the Eif in Mo- 
rocco, in the Jurjura, in the Aures, and in Enfida, where in high alti- 
tudes, in a climate similar to that of their home, they felt most com- 
fortable 

If in opposition to this view it is contended that at present the 
immigrant French do not propagate in northern Africa, it may be 
said that the time of occupation is still too short to definitely settle 
this question I, myself, have made there the acquaintance of fami- 
lies living in Algiers in the fourth generation, who have propagated 
and are comfortable It is, moi cover, evident that the colder cli- 
mate on the north coast and especially on the heights of the Atlas 
must be very favorable for the thiiving of iiorthlanders. 

Since the Vandals, as has been seen, can not have been the ancestors 
of the blonds in northern Africa, and since other northern European 
immigrants are not known m historic times, we must assume that 
already in prehistoric time a considerable host of blond north Euro- 
peans entered it — that a kind of migration took place similar to the 
migration of nations in later times 
2 The second question is ^ Whence came the white Kabyles, with 
black hair and brown eyes^ 

This question is even more difficult to answer. Since all the peo- 
ples of the Meditenanean coasts possess identical somatic character- 
istics, and we have no point of vantage from whence to scan the 
cradle of this Mediterranean race, the Homo mediterraneus, we are 
also unable to decide whether it immigrated from the north African 
coast to southern Europe, or the reverse All that can be said with 
certainty is that the Kabyles are neither Negroes nor Hamites, 

But if we consider that no other people^ of the white race besides 
the Kabyle speak an Hamitic language, it results that they adopted 
the Hanutic language on north African soil and that they are there 
not autochthonous, but immigrants, and for anthropological reasons, 
as well as on account of their resemblance to the Spaniards, they 
probably immigrated from the Iberian Peninsula 

It must be furtiier concluded that in north Africa they found an 
Hamitic population, which they drove away, but adopted its Ian- 
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guage without amalgamating with it. It has been often observed in 
historic time that the victorious immigrants adopted the language of 
the conquered. Thus the Waragians adopted the Russian language, 
the Normans first the French, then the Enghsh and Italian lan- 
guages. The Longobards likewise adopted the Itahan language, not- 
withstanding they dominated these several countries as conquerors. 
If all these were absoibed by the native peoples, it was due to the 
I'elationship of race, which was not the case with the Kabyles. 

3 The third problem: Who, then, were the autochthons, can 
accordingly be answered only by a con]ecture. That they were 
Hamites — ^that is, people of brown skin — ^is made probable by the 
language, and in conjunction with it Hamy’s observation, cited above, 
that the corrugated pottery from the stone age in the Sahara exhibits 
decisive relationship with the industry of the Somalis, gains a 
greater significance 

4. Finally, the fourth problem Whence comes the custom of the 
megalithic tomb structures in north Africa, has already been an- 
swered above, Bertrand and Broca think that with the immigration 
of the blonds from northern Europe was also thence introduced the 
custom of the megaliths. It has been stated above that only a cram- 
ological investigation can decide whether the ancestors of the Kabyles 
have used the dolmens, but not whether they mtroduced them If it 
is now considered that megaliths occur not only in Europe and in 
north Africa and as far as Uganda, but also in Palestme, Syria, 
India, and Japan, and that we do not know whence this custom 
first started, we must heiem agree with Montelius that the erection of 
dolmens is a general phenomenon of civilization that makes its 
appearance from Japan to Europe, but whether it spread from 
Africa to Europe (Montelius) or the reverse (Bertrand and Broca) 
can not at present be decided Only when we shall have come to 
know the period of the erection of the megaliths in the various 
countries shall we be able to draw a safe conclusion as to the starting 
pomt of this custom But if it is considered that upon the highest 
points of the Atlas, the Eif, the Jurjura, the Aures, where the blond 
Kabyles are most numerous and purest, no dolmens whatever exist, 
it seems improbable that the custom of dolmen tombs should have 
been carried to north Africa by the blonds of northern Europe 
If we would draw a picture of the various invasions which in the 
course of time took place in north Africa it would be as follows: 

1. As autochthons we must assume an Hamitic people, related to 
the Somalis, that lived there in the stone age and spoke Tamazirt. 

2 Then followed the invasion of the Kabyles from the Iberian 
Pemnsula who pushed the autochthons toward the south, erected 
dolmens, and changed their language for the Tamazirt, 
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3 Thereupon followed the invasion of the blonds from northern 
Europe who, though completely assimilating with the Kabyles, set- 
tled chiefly upon the heights of the Atlas, where they have preserved 
the purity of their race to the present day 

4 There followed then the invasions of historic times . The Pheni- 
Clan, Greek, Eoman, Jewish, Vandal, Byzantine, Arabic, Turkish, 
Spanish, and French 

In the face of all these invasions, the Kabyles on the heights of the 
Elf, the Jurjura, the Aures, and in Enfida have preserved the purity 
of their race to the present day. 



CHINESE AECHITECTUEE AND ITS KELATION TO 
CHINESE CULTURE^ 
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By Ernst Boerschmann 


I left Germany in August, 1906, to make an extended exploration 
in China The route was via Pans, London, and America, where I 
saw treasures of Chinese art in the museums, thence via Japan, to 
acquire a fleeting impression of that branch of onental culture; and 
finally I arrived at Peking early in December In the summer of 
1909, upon completing my work m China, I returned, via the Siber- 
ian Railroad, to Germany, after an absence of exactly three years 

Dr Bachem had discussed the importance of a study of the Chinese 
before the Reichstag in 1905, and the late Baron von Richthofen, 
then secretary of the foreign office, as weU as a large number of other 
high officials, so interested themselves in the proposed ] 0 urney that 
the German Imperial Government, with the approval of the Reich- 
stag, provided the necessary means 

I owe profound thanks to all who aided this exploration, first for 
the effectual development of the idea of endeavoring to solve the 
important problems of the Far East from a purely scientific point of 
view, and also personally for their confidence m assigning me this 
important duty. 

My commission bore the title • An mvestigation of Chmese archi- 
tecture and its relation to Chinese culture.” I could not have desired 
a more comprehensive designation of this task for such a country as 
Chma, with its 18 Provmces, covermg an area seven times greater 
than Germany, and with remarkable coincidence exactly seven times 
its population 

A solution of the problem appeared to be possible by confiming 
myself to the northern part, especially around Peking, which, from 
a previous residence there for two years, I knew to be the center of 

1 Reprinted by pei mission from Zeitscbnft fiir Bttmologie Organ der Berliner Gesell- 
schaft fdr Anthropologie, Bthnologie und Urgeschicbte, Berlin 1910 42d year, parts 

3 and 4, pp 390-426 
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a specific culture, and which would also serve in many respects as 
typical for all China I giadually, howevei, extended my travels 
to cover a large part of the entire country 

I spent the first months in Peking in making preparatory studies of 
China As soon as the weather permitted I made short excursions 
to the imperial tombs of the Ming dynasty, and to the eastern impe- 
rial tombs of the present dynasty, two days’ journey from Peking, 
where the late Empress-Dowager was recently buried I then visited 
the ancient summer residence at Jehol, five days’ journey from 
Peking, where in the midst of a wild mountainous region a number 
of important Lama monasteries are scattered around a famous impe- 
rial hunting park 

The summer was passed in the charming neighborhood of Peking, 
especially among the western hills, with its numerous magnificent 
temples, of which Pi-yiin-sze, the temple of the Blue-black Clouds, 
is regarded as one of the most beautiful in all China 

Then followed a seven months’ trip to the western imperial tombs 
of the present dynasty, where the remains of the deceased Emperor 
will be buried Thence to Wut’aishan, the sacred mountain, which is 
visited chiefly by the Mongolians On this occasion, the only one 
during all my travels m China, I was for some weeks accompanied by 
a friend At all other times I traveled alone with my Chinese follow- 
ers, that at times numbered 30, including the burden bearers 

The train earned us south over the bridge across the dangerous 
Yellow River to K’aifengfu, the capital of Honan ; thence a four days’ 
trip down the Yellow River, at a time when the dam had just been 
broken and when the river in places was so broad that the farther 
bank could not be seen In Shantung I visited the sacred mountain 
T’aishan, then K’lifu, the birthplace of Confucius and the site of his 
tomb The winter drove me southward I spent Christmas in 
Ningpo and in January, 1908, I dwelt alone, remote from the world, 
on the island Pi-to-shan, the sacred island of Kuanyin, the goddess 
of mercy 

Upon returning to Peking by sea, I prepared for a long 12 months’ 
journey, to extreme western and southern China, that carried me 
overland across the whole of China; first to T’aiyuanfu, capital of 
Shansi, then diagonally across that Province to Lu ts’un, where there 
is a large salt marsh, that provides salt for the four northwestern 
Provmces 

Shansi, like Shensi, is a dry Province In some years there is almost 
no ram at all A mild famine is expected with considerable certainty 
every 5 years and a serious one at 10 year periods This aridity 
favors the manufacture of salt, which is accomplished by simple 
evaporation in the bright sunshine This ceases m rainy weather. 
Wheat IS then grown. The salt Mandarin expressed the conditions 
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impressively by compaiing Shensi to a balance, with salt in one scale 
and wheat in the other As one rose the other fell It was best when 
they, balanced Perfection lies between these two extremes 

I entered the Province of Shensi at the bend of the Yellow Eiver, 
visited the sacied mountain Hnashan, the capital Hsinganfu, crossed 
the Tsin ling mountains, and then descended to the exceedingly luxu- 
rious, charming, and fertile Szech’uan This Province has an area 
and population somewhat laiger than Germany As a whole it is a 
poem, and its perfect beauty has been accomplished by gods and men 
From the capital, Ch’engtu, I pushed on to the most western point 
as far as Yachoufu, and before me to the westward and north- 
ward lay the snow-capped mountains that magically luie the traveler 
to Tibet. It IS an imposing mountain panorama whose sublimity 
^ IS already realized in its spurs near Ch’engtu The Viceroy Chao 
^Irhfeng just then set out with a militaiy force en loute to Lhassa;* 
but unfortunately my plans did not permit an acceptance of his 
cordial invitation to accompany him. I spent three weeks on the 
sacred mountain Omeishan The Chinese say that one here feels 
the pulse of K’un-lun Then I went down the Min River in a small 
boat I made a short excursion to the salt district of Tze-hu-tsing, 
where are the self-spouting wells, over 4,000 in number, with an aver- 
age depth of 1,000 meters. From these are extracted salt essences 
that are boiled and evaporated with natural gas from underground. 
This district furnishes salt for all the Provinces as far as the mid- 
Yangtze The frameworks of the wells are 20 to 30 meters high 
As natural gas is used, there is no smoke in this industrial region 
where 700,000 j)eople are employed The salt is transported with ease 
by boats through the numerous canals of this charming Province. 
The hidden and mysterious force and the benefit thus derived from 
the interior of the earth gave the Chinese the motive for the develop- 
ment of their peculiar religious ideas In China one observes every- 
where that industry and trade seive to strengthen and deepen the 
religious sentiment, because everything is brought into relation with 
the forces of Nature which are then personified as gods 
My little boat carried me farther down the Yangtze River, and 
then for several days I had the pleasure of traveling in our German 
river gunboat, the Vaterland We passed by lovely and then again by 
mighty banks on either side, often at high speed, then by many densely 
populated cities, over famous rapids, and through romantic gorges, 
where the echoing voices of the sailors made the great solitude 
the more impressive The Yangtze gorges, as they are generally 
known, are most imposing at the entrance to the Province of Hupeh. 
From the Tungt’ing Lake one reaches, by way of the Hsiang River 
in the Province of Hunan, the capital, Ch’angshafu. With a diort 
excursion into the Province of Kiangsi I spent the Christmas festi- 
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val of 1908 in the company of the German engineers ^Yho supei in- 
tended a Chinese coal mme 

I passed the days of the year 1909 on the sacied mountain 
Hengshan, then journeyed overland to Kueilinfuj the capital of 
Kuangsi. and down the Kuei River, passing over 300 rapids in 
10 days, to the West River, by which I leached Canton, the imposmg, 
populous, and gay city Going by sea I reached Fuchow, the capital 
of the Province of Fukien I celebrated Easter m Hangchow, the 
capital of Chekiang, on the much celebrated beautiful West Lake 
Then I hastened back to Peking, where I arrived after an absence of 
over one yeai, on May 1, at the time of the funeral of the deceased 
Emperor 

In all my travels, which took me through 14 of the 18 Provinces of 
China, I followed the main highways, the ancient, much-traveled 
roads, and was constantly in the midst of Chinese life in densely popu- 
lated and mostly the richest regions. The sacred mountains, annually 
visited by millions of pious pilgrims, belong to these regions, as also 
do the imposing industrial and cultural centers and great cities where 
an enormous commerce is carried on through the countless water- 
ways and lakes where boats constantly follow each other in rapid 
succession, and the seacoast with its busy traffic from harbor to 
harbor. Industry, contentment, and order everywhere prevail among 
this 400,000,000 people, whose joy of living and contentment is 
apparent in their art. Nothing is more erroneous than to speak of 
China as fossilized and ready to fall to pieces mentally, morally, 
or even politically. The unity of the culture of yesterday and yet 
of to-day has welded the people and keeps the nation strong 

This observation may account for the fact that no problems of 
archeology, art, religion, or general history will be discussed here, 
interesting as they may be, but the China as it is to-day will be 
described. The means should not be given greater importance than 
the end. 

To introduce our subject. We stand in China contemplating a 
unity of culture which can only be dreamed of in the days of ancient 
Greece or of some other ideal period One imposing conception of 
the universe is the mainspring of all Chmamen, a conception so com- 
prehensive that it IS the key defining all expressions in life — trade, 
mtercoiuse, customs, religion, poetry, and especially fine arts and 
architecture. They exhibit in nearly every work of art the universe 
and its idea The visible forms are the reflex of the divme They 
behold the divine in the various forms which they fashion to express 
it; in short, in the microcosm is recognized and revealed the ma- 
crocosm. 

This method of thinking and actmg on a grand scale gave nse, and 
rightly so, to the favorite expression ‘‘China, the land of great 
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bounds ” Since the most ancient periods the extent of this vast Em- 
pire has been enormous Long before the birth of Christ the Chinese 
earned their policies to far distant Turkestan, and even to the shores 
of the Black Sea, and sent large armies thither The conquest of 
these regions required time, engendered patience and consideration of 
resistance, and developed political tact and wisdom 
Lao tze, the reputed wisest man of China, recognized that the re- 
lationships are stronger than mankind 
These characteristics guaranteed an orderly government in China 
proper, the land of the present 18 Provinces It was hei'e always 
necessary, and still is so, to reckon with great distances and to plan 
months and years ahead Imperial orders and the reports of officials 
are long en route. The constant changes of officials oblige them to 
•travel for months, thereby acquiring a knowledge of their country 
that few of us have in the same degree of our own land In thus 
traveling, the varied topogiaphical features of the country slowly but 
surely make their deep impression They may journey for days across 
plains, then along a river, then for 10 days over mountains and hiUs, 
and finally over fields and plains for 6 days — always in intimate coh- 
tact With the varying population, high and low, thus becoming 
acquainted with the advantages and disadvantages of each region 
The Chmese are thereby well acquainted with the conceptions of 
time and space This manifests itself in their architecture They 
have developed an architecture which in its ground plans and land- 
scape is unknown to us The most significant stnictuie m all the 
world IS the well-known Great Wall of China It must be regarded 
as a whole, a unit, which shuts off the entire north against Mongolia 
and Manchuria All the famous Egyptian Pyramids combined can 
not compaie with this woik, which is the most skillful, the most 
monumental, and at the same time in the most picturesque manner 
adapts itself to ragged precipices along the mountain ranges and 
presents a view of the grandest outlines 

The imperial palace in Peking is the most extensive in the world. 
Scarcely a temple has ever been built as large as the Temple of Heaven 
in Peking, or as large as some of the other numerous important 
temples in China The palaces of the nobility and the wealthy, 
even the dwellings of the middle classes, are extravagantly spacious 
and roomy The buildings of the imperial tombs and the temples at 
Jehol are of most imposing magnificence The Chinese playfully 
bring points into correlation and features of nature, rivers and 
mountains, separated from one another by miles, to unite them m 
the expression of some definite idea 

One of the most definite expressions of this prevailing Chinese idea 
of unity is given by their groupings of all buildings syramctncally 
around the axis of the meridian, the north and south line* This is 
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invariable whenevei possible. The main hall in which the prince sits 
111 state, or the host entertains his guest, or the god m his temple, is 
invariably aligned to face the south. The lord faces the midday sun. 
The cities are likewise laid out along the meridian line accurately, 
and, where natural obstacles intervene, such as a mountain, a river^ or 
where other special considerations require tlie city walls to deviate 
and take some other diiection, yet the axial line is always main- 
tained in the meridian in all the temples, government buildings, and 
dwellings. 

China has often changed its capital The Empire has been ruled 
from the Yangtze, from Honan, and Shensi; but for long ages, even 
before the Mongolian dynasty, they have always returned to Peking^ 
which lies in the extreme north This was, of course, mainly due to 
political considerations But knowing the ideal importance which isT 
attributed to the line of the axis, we can appreciate the exalted notion 
of conceiving the Emperor as seated on the dragon throne m Peking 
and turning his gaze southward along the mendian of Peking over 
the entire Empire, when at the New Year festival, or on the Em- 
peror’s birthday, all officials and many of the people assemble at the 
same hour m all the cities and villages to kneel before his altars 
throughout the Empire and offer their homage, looking north toward 
him, the Son of Heaven. Claims of nature, the political development, 
and the ideal all agree and assist in demanding and deepening this 
sentiment Thus natural conditions, political evolution, and ideal 
conceptions answer one another and form a combination. The world 
of phenomena is merely a mirror of the infinite which in our world 
conception and religion we try to give a definite, and yet how change- 
able, formula 

Before considering the details of China’s idealistic culture it is 
necessary first to refer briefly to certain external conditions and rela- 
tions which have contributed to those grand conceptions of the unity. 

The population of China is constantly fluctuating, and it has 
always been so. Allusion was made to the wars that earned great 
masses of men and women as far as Turkestan. These wars prevailed 
for long periods and were repeated at certain intervals At times, 
as during the Mongolian sway, intercourse with the western coun- 
tnes reached a certain climax, but it was constantly lively The 
Chinese have a tendency to emigration, probably greater than we of 
to-day For ages they have been colonizing and invading foreign 
countries for peace or war The south was colomzed in historic 
times, while northern Chihli has ony been colonized during the past 
two centuries in a methodical manner During the past five years 
the Chme'fee have been systematically settling in Tibet, and since the 
European press has only recently sounded an alarm over this pro- 
ceeding, it goes to show how news is really only relatively new. 
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Domestic wars and insurrections have repeatedly mixed the people 
of different parts in Chinese history^ which in its vicissitudes equals 
our own The migratory instmct has also contributed to this unifica- 
tion According to Chinese records, the Province of Szech’uan was 
decimated at the beginning of the present dynasty to such an extent 
that only 1 in 10 survived, and it is now inhabited for the most part by 
settlers of other Provinces Here One finds a greater variety in the 
styles of club buildings than anywhere else, with the possible excep- 
tion of the Province of Kuangsi, in the capital of which, Kueiliiifu, 
nearly all the inhabitants are foreigners During the period im- 
mediately before the New Year festival I daily passed small mer- 
chants, mechanics, and day laborers traveling to their homes in 
Hunan for the festival weeks. This custom prevails throughout 
'China, and similar scenes are witnessed everywhere In Shantung 
the people constantly travel to and from the Liaotung Peninsula, 
along the seacoasts and on interior highways The trains on the 
recently built railioads are always overcrowded, and the two small 
steamers which ply between Shanghai and Ningpo daily transport 
several thousand Chines^ 

The merchants of the Shensi Province have a monopoly of banking 
silver and copper throughout a greater part of the Empire They 
travel everywhere and finally in their old age return to their homes 
with their acquired wealth One particular city in Chekiang usually 
furnishes the subaltern officials for the mandarins of several Prov- 
inces Other well-known towns, often inconsiderable in size, furnish, 
in addition, singers, actois, certain classes of artisans, and tradesmen 
These all leave their homes to travel and usually leturn later 

The ancient decree forbidding the appointment of higher officials 
to offices in their native Provinces, not to mention their native cities, 
was for the purpose of making the Government independent of per- 
sonal mfluence and of attaining uniformity 

Traveling is habitual in China. Car drivers, muleteers, boatmen, 
and carriers readily contract to start immediately on long journeys 
requiring months of travel A journey to remote Turkestan or Tibet 
IS regarded as a most commonplace undertaking. The Government 
requires this readiness to travel of all officials A high official in 
Ch’engtu received orders to proceed to Tibet for a long period of 
years and departed within five days 

The ancient classical examinations, which have now ceased, prob- 
ably forever, also contributed to this traveling instmct Hundreds of 
thousands of students annually traveled to the examination halls of 
their districts and the capital cities, while thousands of them went on 
to Peking. In weary ] ourneys they learned the country ; they acquired 
strange customs here and there and diffused them abroad 
38734°-^sm 1911 35 
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Priests and pilgrims, Buddhists and Taoists, are met on the road 
throughout the empire They wander from temple to temple, staying 
for a time here and there, and there is scarcely an old and experienced 
priest who has not visited all or at least most of the holy mountains 
and the famous religious places Finally, scholars, poets, painters, 
and other artists (frequently combined in one individnal) all travel 
There is no one among the famous men of China of the past or pres- 
ent who has not traveled over the whole country This is still the 
case. On Omeishan, 3,300 meters high, I met a certain HanJin, who 
had climbed up there to meditate, study, and compose poetry In 
Szech’uan I visited the memorial temples of the most famous poets 
of the T’ang dynasty in the eighth century, Li T’ai-po and Su 
Tung-po I was shown the place where the former of these had 
lain drunk on the road, and later I sailed on the Tungt’ing Lak^ 
and the Yangtze River, where the latter poet had sailed alone and 
fished and composed poems The memory of these great men of the 
past IS as fresh as ever The smallest boy learns their stories in 
school Stories in regard to them are recited at home and among 
friends Professional story tellers choose their deeds for their 
themes In the theaters the Imown pieces are acted In this way 
the tales and events become the common property of the nation, from 
the coolie to the highest personage The classics are learned by 
everyone who goes to school almost by heart The paintings repre- 
sent well-known things The temples and houses teem with carvings 
and inscriptions which refer to famous deeds, men, and thoughts; 
and everybody feels everywhere at home 

An important item is the fact that until quite recently the daily 
newspaper was unlaiown in China, Almost all information was com- 
municated orally. In comparison with us, the Chinese seem to talk 
incessantly. A rumor or report spreads most rapidly in eveiybody’s 
mouth, and he who is convinced that the spoken word is more alive 
than the written word will appreciate the culture of this folk in their 
lively intercourse, in contrast to ours, which more and more emanates 
from the study desk 

China has thus been developed to that uniform individuality in 
which we find it to-day, not that there is a dead uniformity in all parts 
of the Empire There is a proverb “ Go a mile and speech changes ; go 
10 miles and the customs change.” These changes are first noticed in 
the styles of buildings, then in the dispositions of the people, their 
mode of life, their agriculture, clothing, and food Differences in cul- 
ture are found prevailing in different regions, the north with six Prov- 
inces, the Yangtze Valley with five, and the south with six^ including 
the seacoast Provinces of Fukien and Chekiang Szechhian is in a 
class by itself This Province is by nature divided off by mountains, 
and has developed its own peculiar culture, imaginative as the in- 
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tensified elegance of China It is proverbial that poets originate 
here, and truly the beauty of the landscape and of art is such that one 
almost must verily become a poet A proverb says, “ Soldiers come 
from the north, and scholars from Hunan,” with leference to the 
ancient school in the capital, Ch’angshafu For many reasons two 
cities are sjpecial centers of culture, one of these is Peking, in the 
north, the other Canton, in the south — the two poles, as it were, of 
China. 

Thus there is enough of variety, even in going from Province to 
Province This also holds good for ceitain districts within the Prov- 
inces But there is a common trait everywhere, and it is not only 
unity that meets us, but there is prominent the broad view, the wide 
outlook in appraising all relations winch for the Chinese resalted 
"from the nature of the country and its history. This feeling finds 
expression also in their con- 
ception of the universe, in 
their religion, which can be 
read in all their works of art 
and all other forms, and 
which constitutes the common 
inheritance of the people, the 
soul of their culture, their 
even at present still classical 
art. 

Only m China and in no 
other country one sees a world 
conception, a philosophy, em- 
bodied in visible form One 
sees an architectuie that is a 

direct expression of this con- ^ —The drawing of the dual principles and the 

,* 1 eight trigrams 

ception, a conception formed 

of the universe and its moving forces Thus they have found it 
possible to express the idea in a visible concrete form 

In the year 600 before Christ, Lao tze^ the older contemporary of 
Confucius, taught * “ From one come out the two, from the two come 
out the three, and from the three the ten thousand things — ^the whole 
of the physical world ” This is illustrated in the diagram which 
already in his time belonged to hoary antiquity. The center consists 
of two fish-shaped forms that represent the male and female prm- 
ciples. But besides these two there is a third, the surrounding circle 
itself. This is the highest, the Tao, the eternal way leadmg to perfect 
virtue, the pole of the entire visible and ethical world, the compre- 
hension of existence, the eternal, which prevails in all phenomena — 
unity. How the various philosophers have designated it in their 
systems is immatenal.* It is everywhere postulated as the Eternal 
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Truth, and as the essence of things It is after all nothing else than 
our conception of God 

In this unfathomable first cause two forces are acting, equal and 
opposite, above and below, white and black, but supplementing one 
another to establish that unity which they constitute and are^ being 
inseparable from it and from one another This is the male and 
female principle It is the active, creative energy, conceived as two 
and subsequently embodied as the dragon Thus, from one we have 
two, and from thiee, the triad, the trinity 
The masculine is distinguished by one stroke as odd and the 
feminine by two strokes as even The combination constitutes an 
clement, to which another stroke is added, to designate the di\ine 
existence of the Tao, so that a triad aiises These strokes are vaiied, 
interchanged, and repeated to gne eight variations, the masculme^ 

or the feminine predomi- 
nate in each of the varia- 
tions, they never balance. 
This number 8 forms the 
harmonic basal number for 
all fiuther philosoidiical 
investigations The entire 
universe is represented by 
the eight elements By 
mathematical means the 
world of phenomena is thus 
delineated in its funda- 
mental constituents There 
are no more either on the 
surface or in the theory of 
numbers. The multitude 
of the other phenomea is 
formed by the combinations of the elements When doubled to six 
elements the resultant is the number 64 as in the accompany illustra- 
tion (fig 2), 

One must closely study this cogent metaphysical interpretation of 
the number 64 to comprehend the profundity of chess, by which we 
also endeavor to find the eternal truth, that round central figure which 
gives the solution of the riddle. But as every chess player knows 
that a perfect game does not exist, likewise everyone knows that this 
ideal^ perfect tiuth, is forever unattainable in this life but is always 
elective in the raiioiis endeavors to attain it 
The Buddhist conception here accords with that of the Chinese 
The Buddhist uiad shows Buddha between the two mam radiations 
of his being To the Chinese mind this tiimty signifies, in the center, 
merely a pei bonification of the essence of things and on the sides, the 
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two forces, there active, which rule the world; thereby closely ap- 
proximating the thought in the round central figure of the tngrams. 
And. when one is convinced that in life as well as in nature, in the 
conflict of two forces, absolute wisdom and truth are forever unattain- 
able, then this triad represents the commonplace but profound ex- 
pression, Truth IS in the middle.” The reality is only the reflex 
of the Divine The chief priest in the temples loves to be depicted 
with two other priests, fully aware that this will convey a living im- 
pression of the triad I saw this in many temples, one, for instance, 
in that of the southern sacred mountain Hengshan m Hunan, which 
IS 900 meters high. 

From another point of view, that of the four cardinal points, north, 
south, east, and west, the world is divided into four parts, and by 
.subdividing we got the number 8, the number which in the preceding 
was obtained in another way, and, further, the number 16 These 
rhythmic numbers were known to Buddhism, too, which at the tune 
of the birth of Christ penetrated China and amalgamated with 
Chinese thought Besides Buddha there are 4 great Bodhisatvas, 
making together 5 ; and we find 5 great Buddhas during one period 
The Chinese not only reckon with the 4 cardinal directions but also 
include the center; that is, they reckon with 5, In the diagram of 8, 
if we include the center, we have 9 The Chinese have embodied this 
number 9 in their god of eternal life, Shouhsmg and his 8 genu, the 
Pa Hsien 

A famous statue of this god of longevity represents the symbol of 
eternity by the well-known 8 tngrams in the center of a plate which 
he holds in his hands. 

The well-known 8 tngrams are also displayed on the wall behind 
the statue, together with the sacred numbers 1-8 The symbol is 
called T’ai-chi-t’u, the drawmg of the high majestic pole of life 
This image of the god in its composition is of a very special style ; 
the massive cranium indicates the mass of wisdom concentrated in the 
high forehead of the hoary god The white hair, beard, eyebrows, 
and mustache express the great age of the god, who is pxactically 
identified with the wise Lao-tze 

The statue is placed in one of the most beautiful temples in China, 
at Kuan-hsicn in Szech’uan The temple is dedicated to Li Ping, an 
emirienl h\ draulic engiiieei* who by his clever skill, at about the tune 
of the biith of Christ, collected the mighty Min River, by conducting 
it tliroLigh bundieds of canals over the plains near the capital 
Ch’engiLi, bv vludi he converted a dangerous swampy region, that 
was overflowed, into the most fiuitful and richest land in China 
The temple is built on a slope close by the river The mam hall 
shoub Li Ping deified, with the statue of the god of longevilv far- 
ther back^ to signify that this great man emanated from him and had 
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grasped his profound wisdom, by which he was enabled to perform 
the great deeds for which he was entitled to the perpetual gratitude 
of the people 

The god of longevity and his eight genii are everywhere repre- 
sented throughout China and play an important part in the daily life 
(pi 2) A table with eight seats is designated as ‘Hhe table of the 
eight genii” (fig 3) 

Reception halls are furnished with four tables, each with two seats ; 
that IS, again, eight in all. At the end of the hall there is a handsome 
broad sofa, for the two most distinguished guests, representing the 
two piinciples, male and female, which are inclosed in the circle 
As symbolical of eternity, purity, highest wisdom, and truth some 
handsome article is placed m the axis of the room , a vase, a piece of 
mystic carving, or a mirror, a handsome picture, or written sentence* 
IS hung on the wall. These make an exact representation of the 
sacred number 9=8 plus 1 Ancient China had 9 Provinces, that are 
represented by bronze vases Present China has 2X9=18 Provinces, 
that are often identified with the 18 Lohan, the disciples of Buddha. 
This ancient symbolical number 9 constantly recurs in their archi- 
tecture; for example, the altar of Hieaven at 
Peking IS so constructed that the two upxiermost 
platforms consist of rings of free-stones, each 
divisible by 9 (9, 18, 2T, etc., fig 5) 

Besides this, one is constantly finding com- 
binations of 3 and 9, 3X3=9 is very much used 
in the temple plans illustrated in figure G, that 
shows the ground plan of a temple in the center 
riQ 3 eigM genu of whicli the Sanctuary IS placed The reverential 
approach and adoration befoie the gods m the 
temples consist of a kowtow repeated 3X3=9 times. The numbers 
10 and 12 are easily deducted from the ground number Five 
doubled equals 10, combined with the male and female The four 
quadrants, each divided into three parts, combining the energetic 
system of 3 with the harmonic system of 4, as 3X4=12, by further 
multiplication and combination we have 24, 60, and 360, the degrees 
of the circle, which was known to the Chmese ages ago By such 
division of the numbers there results from the diagram of 8 the 
countless variety of phenomena that are personified as gods and 
placed in the temples and houses to represent ideas 
This is a wide, special field, and here attention is invited only to 
the rhythm that is derived from the theory of numbers 

These numbers that may be said to be derived purely mathemati- 
cally (the Chinese are great mathematicians) are confirmed m nature 
as duality of sex, two eyes, ten fingers, and their relation to the visible 
order of the universe, the months, the zodiac, stars, etc., that introduce 
the lacking numbers 6 and T with their cosmic significance This 
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consideration is necessary to understand the rhytlim of Chinese cul- 
ture We are reminded of the system of Pythagoras, in which num- 
bers j^epresent the intelligence of the world His system may be ex- 
plained and understood by the Chinese system which I shall designate 
as the cosmogonic numbers 

The pagodas, that stand out as isolated columns, are well adapted 
to represent the number 4 of the gods, or that of 8 or 16. Their in- 
terior always contains an image of a Buddha or a sacred memorial of 
him that embodies the conception of the world, and around which 
the other gods are merely gTouped 

A marble pagoda in Canton, erected about the middle of the eight- 
eenth century, has four sides, 
on each of which, indicating 
^the four caidmal directions, 
there aie the gueat Bodhi- 
satvas riding a lion, an ele- 
phant, or other symbolical 
animal 

Another beautiful pagoda 
is on the island of Ph-t6-shan. 

It was built at the latest dur- 
ing the Ming dynasty, and it 
IS a clear, vigorous presenta- 
tion of the rhythmic number 
of Buddhas on its four sides 

The octagonal great pagoda 
in Then-mng-sze at Peking, 
dating from the Mongohan 
period, i^s covered with large 
reliefs in stucco, and is highly 
ornamented with elaborately 
sculptured tiles The small 
entablature carriers are very natural, carrying cornices after the 
manner of Atlants 

Sometimes four pagodas surround a central pagoda The Emperor 
K’lemlung in 1793 built an imposing group in memory of Panchen 
Erdeni Lama, who died while on a visit in Pekmg It is entirely of 
marble and very elaborately covered with ornamentations and sculp- 
ture The central structure is on a high terrace surrounded by four 
small octagonal columns The rhythm of the numbers is repeatedly 
represented in its relation to religion. The most important of these 
marble pagodas is that at the temple of Pi-yun-sze, previously men- 
tioned as one of the most beautiful temples in China It is situated 
near Peking, in the western hills, with numerous other temples that 
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eight seats 
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form, as it weie, a glorious crown for the capital of the Empire The 
approaches to the pagoda, which were also built by K’len-lung, lead 
through a marble gate The spires of the pagoda then appear 
visible in the distance behind a second gate The marble structure 
stands upon a high platform and is most elaborately covered v^ith 
ornamentations and Buddha reliefs, and carries on top five four-sided 
Xiagodas, Here there is a cypress tree, with nine sacred branches, 



li 4,50 

Fig 5 — ^Temple of Heayen in Peking Sacrificial altar 


that was planted by the late Empress-Dowager with her own hands* 
The buildings are m a dense grove of cypresses and pines, among 
which a species of pine, the Pvrm^ hungewna^ that has a snow-white 
bark. In the soft moonlight this grove is enchanting 
The ascent is by a wide staircase, the Buddhas greeting from above 
Comfortable steps lead up int5 the interior of the buildings to the 
uppermost terrace on which the pagodas stand — -one in the middle 
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and the others at the corners The numbers 4, 8, and 16 are apparent. 
The four great Bodhisatvas sit on the sides of the central pagoda, 
whil^ the 4X1:=16 surfaces of the four side pagodas have the 16 
disciples In the course of time two were added in China, and they 
now have 2X9=18 disciples of Buddha — a number that has a more 
profound significance for the Chinese. Here and theie they have 
erected temples for as many as 500 disciples or Lohan The bronze 
umbrella that surmounts the central tower on the terrace is pieiced 
to display the eight trigrams between clouds, finely alluding to the 
order higher up in the air Two bottle-shaped pagodas also stand 
on the terrace , these have bottle-shaped bodies, representing the soap 
bubble, indicative of the frailty of life But, as symbolical of eternal 
life, lovely Buddhas are throned in niches with lotus floweis; the 
, overhanging soles of their feet rest in lotus sandals so as not to come 
in contact with the imperfect world 

The idea of sanctity in the interior of a pagoda has been, it is 
allowable to say, translated into practice, by placing the mummified 
gilded remains of a chief priest in the interior, as was done in the 
beautifully located city of Kiatingfu in Szech’uan 

The miportant temples are preferably threefold They have three 
parallel axes, again expressmg the trinity in architectui’e. The 
entrances to the Confucian temples and the temples in the sacred 
mountains (pi 3) are threefold The middle opening faces the 
slien the pathway of the ghosts, that one dare not cross A strip 
laid off m the pathway is inlaid with dragon plates, as a notice that 
only ghosts pass there Even the Emperor must enter the Temple of 
Heaven by the eastern entrance when he goes to sacrifice to his an- 
cestors and to Heaven. The middle is the incomprehensible, the holy 
(as it lies inclosed in the circle), the perfect, about which the two 
principles, male and female, contend These conflicting forces of 
nature are embodied in the dragon, the national emblem of China 
This IS also conceived as double, male and female In a celebrated 
ever-occurring representation two dragons are shown playing with a 
pearl This motive is very cleverly executed on a bronze table of 
the Ming dynasty, in a temple on the summit of the sacred mountain 
Omeishan in Szech’uan. The dragons play with the pearl, the image 
of the highest purity and perfection. They play with it but never 
reach it 

The dragons are the embodiment of the male and female force I 
wish to emphasize that this dualism has nothing to do with good and 
evil It IS the symbol of life, that the conflict of two principles does 
not permit perfect truth to be attained. 

The combined beauty and artistic strength of this composition is 
lepeated in a Confucian temple in Szech’uan Two pairs of dragons 
are coiled upon the balustrade of the great bridge that crosses the 
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semicircular ritualistic pool; they look toward the center of the 
pathway of the ghosts in the mam axis This pathway is a silent, 
unspoken idea, related to some religions, in which the narae of 
the highest Being dare not be mentioned No steps lead up to the 
elevated hall, these are replaced with an inclined marble slab that is 
splendidly engraved with significant scenes (pi 4, fig 2) 

Lao-ye is known as the god of war by the Europeans, as he was a 
renowned general But for the Chinese he is the god of excellent 
life conduct, of tried faith, and an ideal of these virtues The two 
diagons are depicted as playing around this image of perfection, on 
the back wall of the altar in the home city of Lao-ye at Kai-chou m 
Shansi It is a repetition of the expression of the struggle for highest 
perfection This life-like statue of the hero from the golden period 
of China’s knights, that of the three kingdoms, is specially honored, r 
The image appeals to be reading the Ch’un ch’iu, the fifth canonical 
book (ph 4, fig 1) 

The dragon gate remains to be mentioned This is the entrance 
to perfection ^Vhosoever crosses by the pathway of the ghosts — 
whosoever knows that the two principles of the gate are for the 
apprehension of the eternal — for this initiated one the door of wisdom 
IS opened. It is said of a student who has passed his examinations 
that he has passed through the dragon gate. He has the pearl of 
perfection or is identified with it. 

It IS said The fish rushes through the dragon gate ” Formerly 
a stupid, Ignorant, dumb fish, but after having passed through the 
dragon gate, he is changed into a dragon; that is, a being of intellect 
and power. That is done by the divine breath of the powerful 
dragon in the clouds in the air, which blows his animating breath 
through the dragon gate. In the swirl of watei^s between the cliffs 
and rocks, the carp swim aroimd to partake of the enlightenment 
(pi 5, fig 2) 

They are not content with two dragons, but multiply them as there 
are forces and phenomena The most naturally increased numbei is 
8, correspondmg to the eight trigrams Beneath a vaulted roof a 
dragon coils around each of the supporting columns, struggling 
toward the center from whose zenith the divine pearl of peifection 
IS suspended 

The dragon always represents something thoroughly good, while 
the serpent something related to the demomac\ the incalculable^ and 
in opposition, as if belonging to the devil Mepliislopheles but it is 
not in any respect wicked or evil of itself. It is combined with 
the conception of the dark kingdom of the nether world, as is con- 
ceived in the celebrated entrance Fengfcu, on the Yangtze in Sze- 
ch’uan This mountain has a nnslenous opening near its summit, 
which is the entrance to rhe world below. It is covered with temples 
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for all the different kinds of gods who have been in any manner asso- 
ciated with the other world. One of these temples enthrones the ser- 
pent king. Eight serpents coil around the columns before him, and 
one hangs down from the middle This is in contrast with the eight 
blessed dragons with the pearl, as in the temple of Kuanym, the god- 
dess of mercy, on the sacred island, Pii-td-shan, in the extreme east. 

In this manner the embodiment of the numbers 3, 8, and 9 may be 
developed to ideally represent the infinity of phenomena This idea 
IS embodied by the impressive aureole of the Buddha with his thou- 
sand aims and hands in the temple of Great Lamentations at 
T’aiyuanfu, the capital of Shansi Everything in our physical world 
as separated from the pure idea of the divine and from the true nature 
IS imperfect, piecework, and fleeting. The Buddhist says that the best 
•feature of matter is its transitoriness All creatines may groan and 
bewail their existence and endeavor to become a Buddha from whom 
they came forth as the arms of the statue This is the signification of 
the Buddha of Great Lamentations, of whom there are three gigantic 
images in the spacious halls of this temple 

The rhythm in the infinity of the world of phenomena is illustrated 
by the Buddha in the temple of the 500 Lohan m Suchon He is 
here represented with four bodies growing out of the middle and 
having his thousand arms stretched out diagonally These are the 
basic numbers 4 and 8 of the rhythmic world They coi respond 
to the four sacred Buddhist momitams, the four great Bodliisatvas 
and the swarm of gods throughout the world. 

The old Chmese temples formed a quadrangle with corner turrets 
and four gates. The Buddhist thus conceives the spiritual world 
and represents it as Buddha’s sacred castle. 

Buddha’s sacred castle is a representation of the concejption of the 
world as a whole, like, a city, as the Chinese thinlc of their country 
with its five sacred mountains The whole is inclosed m a quadrangle 
by a crenalated wall with the round sanctuary in the center There 
IS a gate on each side, four in all, and a tower on each cornei Four 
guardians, or disciples, stand on each side wall or sixteen m all (pi 5, 
fig 1). 

The idea of having a stronghold of faith capable of military de- 
fense is actually earned out in Jehol in the Lama temple Potala, a 
copy of the castle of the late Dalailama in Lhassa Massive walls 
surround the interior five structiiies, the approaches to which are 
terraced-like fortifications to secure the battlement and it is a symbol 
of challenge by the shield-bearer of religion 

The idea is developed on a grand scale in the plans of Peking and 
other large cities The Emperor’s throne is m the hall in the centei? 
of the palace of Peking Numerous courts surround this palace, 
which all lie Within the forbidden red city, this m turn is located 



556 ANKITAI. EEPOEa> SMITHSONIA:!^ IKBTITOTIOH, 1911. 


Within the imperial city, and that within the Manchu city, all being 
arranged with accurate reference to the mendian line Each of 
them has its gates and towers disposed exactly as those of the great 
temples 

The architecture of the gates and towers of such large cities as that 
at Hsinganfu, the ancient capital of the Empire (p] 6, fig 1), is 
naturally developed in accordance with their needs — with three towers 
in a flight, then the two lock chambers between, and the bastions of 
the city wall But the idea is a practical expression of the accord 
with religion These structures have their distinct forms of stability 
and architectural rhythmic tone as the Buddha’s sacred castle 

The warlike coiner towers of Peking are not only for militaiy pur- 
poses, but have a religious signification and find their counterpart 
in the walled battlements of the temples in the sacred mountains 

Peking reflects the world The four sides of the city contain the 
temples of heaven — agriculture, the sun, the moon, and the earth 

The Chinese regard the entire country as a rhytlimic whole The 
sacred mountains express this spiritual conception There are five 
ancient Chinese sacred mountains, one each in the north, south, east, 
and west, and one in the center — again the number 5 Nature con- 
tributes more, as in the western mountam of Huashan in Shensi, 
which has five sharply outlined highest peaks that again illustrate 
the center and four cardinal directions This is liliewise the case at 
the Buddhist mountain Wut’aishan, whose five highest peaks present 
an image of the universe, which is also emphasized by its five sacied 
colors. Each of these old Chinese sacred mountains that rise up 
majestically from out of the midst of the plains has a large temple 
at its foot 

The extension of the axes of these temples leads directly across to 
the highest point of the sacred mountain This is impressively seen 
from the Hua ym miao tower of the sacred temple of Huashan The 
temples are built as fortified castles with crenalated walls, gates, 
and turi’ets inclosing the mam sanctuary in its midst, with broad 
approaches through rectangular colonnades, and as a whole present 
a conception of the universe 

A brief description of the sacred mountains is of interest That of 
T’aishan, in Shantung, is the most eastern, the most famous, and 
doubtless the most ancient of all One goddess has gradually become 
the chief goddess of this mountain She is the most popular among 
the people She is supposed to make excursions over all the country, 
where she is worshiped, and as she travels about and returns she must 
be provided with travel palaces for rest, as for the Emperor These 
are the small temples usually consistmg of merely a prayer hall, 
which IS often profusely decorated with handsome uhizod oriuii'iciif^ 
and the most lively representations. In a central i wW of j gab!-^ 
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of one of these small temples there is a representation of the pilgrims 
with pious zeal striving to make the weary journey to the summit j to 
reach the sanctuary of the goddess The masses of pilgrims who to 
this day make these ascents bear out the realistic truth of this scene 
Most pilgrims walk, the iich are carried in sedan chairs. A little 
below the summit of this mountain the southern gate of heaven is 
reached by means of steep steps known as heaven’s ladder The 
mountain has four such approaches in the four cardinal directions, 
and thereby reflects the totality of the sacred mountain with the 
world order The bald rocky peak is 1,500 meters high and is covered 
with temples, ancient inscriptions, and religious curiosities I passed 
a wretched October night, unprepared for inclement weather, in the 
highest temple, where broken windows on opposite sides permitted 
"the cold storm to blow through uncomfortably 

The main hall of the temple of the southern sacred mountain 
Hengshan, in Hunan, shows the elegant slender proportions of the 
Province of Hunan, where they always use their favorite long slender 
stone columns. 

The serrated cylindrical mountain of western Huashan, in Shen- 
si, is seen projecting from the mountain masses two days’ journey 
distant The ascent is really dangerous; nevertheless thousands of 
pilgrims annually ascend it Iron chains are fastened to it to safe- 
guard from falling from the precipice I measured this precipice, 
which is 560 meters high in a vertical line In June one finds a splen- 
did forest and beautiful flow^ers in bloom at the summit, 2,000 meters 
high 

The flying clouds appear whitest at the highest peaks, and the 
Chinese associate them with their conception of the departed spirits 
From these heights one looks down over the famous bend of the 
Huang or Yellow Eiver, that appears quite as distinctly as that 
delineated on the map 

The four sacred Buddhist mountains were obviously regarded as 
sacred in ancient China already before the advent of Buddhism, and 
traces of the ancient sanctity are still seen on Wut’aishan and 
Omeishan The Buddhists then drave the old Taoists away, as they 
are now doing gradually in the southern mountam Hengshan. The 
four mountains are dedicated to the great Bodhisatvas of wisdom, 
efficiency, the goddess of mercy, and the god of the nether regions, 
that mercifully guides the soul This sacred mountain is located in a 
geologically famous region near Nganking and is of volcanic origin. 

The sacred Buddhist mountain Wut’aishan, in Shansi, is an excep- 
tion to the other sacred mountains, inasmuch as the monastery build- 
ings do not gradually extend up and connect with the summit to 
reach the holiest sanctuary, but, seventy m number, are distributed 
over the elevated plateau at a height of 1,800 meters, and surround 
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the imposing white pagoda, that is nearly 2,000 years old, as chickens 
around the hen This is visited by Mongolian pilgruns in winter, 
when it is very cold The mountain with its five symbolical peaks, 
here reaches to a height of over 3,000 meters (pi 6, fig 2). 

The court of the largest temple affords a good point of view of the 
arrangement of the temples m this mountain Its main hall is 
vaulted in its interior and shows traces of Indian influence on its 
fagades In the background similar buildings stand out with a num- 
ber of pagodas and little temples of gilded bronze with splendid 
details of the Ming dynasty which holds such a prominent place from 
an artistic standpomt 

The temple on the Omeishan Mountain m Szech’uan is much more 
sunple, the mountain being at an elevation of 3,300 meters. The 
buildings are made of boards with wooden posts and board roofs ' 
These temples are arranged to accommodate large numbers of pil- 
gnms* Some of them can quarter several thousand pilgrims at one 
time The highest peak is crowned with a little house from which 
there is but a step to the sk}^ 

A lifelike statue of a deceased high priest clothed in rich vest- 
ments sits in one of the temples in this neighborhood Piobably it 
was he who sang the praises of this most imposing sacred mountain 

G-lory now spieads aiound Omeislian peak, 

Now by fuU autumnal moonligbt I invite 
Holy spuits to drink and ihyme 

With bamboo cane step by step I ascend the highest peak, 

What luck pure wind now waft through e-veiy space! 

Slowly burning incense I ascend to the holy halls in deep snow ^ 

Pu-to-shan m the Chusan Archipelago, east of Ningpo, is the sacred 
island of Kiianyin, the goddess of mercy, who in her propitious boat 
saves all people across the stormy sea of life to the banks of liapxn- 
ness Her temple Fa-yu-szu, wheie Buddha’s law drops like ram,” 
contains many precious relics A handsome stone bridge forms the 
approach, behind v/hieh one sees the ascent to the highest summit 
Here is am inscription : “ Clouds hang over the cliffs where they are 
highest,” and the thought that he who has acquired Imowledge shall 
first share the grace of Buddha is expressed by the provei'b* Shm 
hao ji sheng (the sun nses first on the mountain top) 

This fine amalgamation of the reality in nature and the spiritual 
ideals is an important characteristic of Chinese poetry and art Life 
IS only a parable 

The railmg of the bridge is covered with sculptures Pleasing is 
the scene of two she goats fighting with a bid standing by^, while a 
forest sprite on the branch of a tree comfortably obsei^ves the foolish 
struggle, indicaied thereby as that of ilie world. 
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An exceedingly lovely alabaster image of Kuanym sits in a glass 
case in the hall of the temple The lips, eyebrows, and eyes aie 
modestly painted with pale led and gold, otherwise the countenance 
shines out clear and fine, while the figure is clothed with the richest 
brocaded vestments Here is inscribed 

The goddess hears the real tones of the heart and piotects the supplicant in 
his affliction 

Anothei Kuanym sits on an elegant altar. She is diminutive, but 
far famed on account of her costliness A part of her face and 
breast as well as neck is formed by a large irregular real peail that 
IS about 10 centimeteis in diameter, the le&t of the face, hair, and 
drapery is of pure gold. The beauty of the altar is like that of an 
altar in the neighboring city of Ningpo This is of wondeful compo- 
sition, lavishly adorned with sculpture, painting, and gilding, and 
solemn in its effect 

This elegance is also found in the dwelling’s. There is a narrow 
street in Ningpo which contains exclusively modern wealthy business 
houses Each house is like a good type for this class of buildmgs 
The entire fagade of the three stories is clearly composed. Here we 
notice the power of the Chinese line, which, however, is dissolved into 
endless details and carvings, due to their ]oy of living and the reality 
It is the rhythm of the imposing ideal corresponding to the elabora- 
tion of the details, the harmony of the macrocosm and microcosm 

The tomb of the high priest is near the summit of the highest 
mountain on the island Pfi-t6-shan, an auspicious location, with a 
beautiful outlook over the numerous islands of the Chusan Archi- 
pelago Here the soul of the pnest hovers invisibly intangible as a 
white cloud and hither he returned as to lus home The tomb is in- 
scribed The White Cloud has returned ” The Chinese have a 
special expression for the poetry of nothingness and the state of 
being entirely absorbed by Nature K%ng lisiang (empty thoughts) 
Another inscription on this tomb very beautifully expresses the 
charm of solitude 

Theie is but one cloud on the mountain, 

High above the sea the moon keeps the third watch 

There are nine mountains in all, and the number satisfies the occult 
sense of the Chinese, who do not make any great distinction between 
the two classes of mountains, and speak of them as wv, yo s^e ta ming 
shan (tlie five sacied and four large famous mountains). They are 
the foci of religious thought and its manifestation. I saw but six, and 
sought to visit all, but my time would not permit I must regret 
like the Chinese traveler. 

Hut yet I can not visit all the mountains^ 

I must letum to the mountain of my home. 
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A Chinese regards the mountains as the fathers of things He is 
right even according to our conception It is a self-evident fact that 
the plains originated from the mountains, that the ground upon which 
we work and live was formerly on them, and we thus derive our life 
and powers and soul therefrom This fact is perhaps more a reality 
in China to-day than with us The constant inundations of the plains, 
the country inclosed by the mountain ranges and in the numerous val- 
leys, raises the level of the land annually. In Shantung and Honan, 
the Huang, the dieaded Yellow Rivei, the constant sorrow of China, 
still lies higher than the broad expanse of the plains , and a catas- 
trophe which will almost equal in damage that of 60 years ago may 
be predicted The land is constantly in motion and demands un- 
1 emitting labor on the part of the people These geological facts and 
the constant changes have their effect upon the disposition of the en- 
tire people and make the stories of China’s torpidity appeal as fables 

Every Chinaman is conscious of the fact that the soil of the earth 
originally came from the mountains, to which he looks up with 
level ence They were the first lecipients of sacrifices Buddhism 
personified the mysterious forces, and thousands of Buddhas are 
carved on the rocks Duiing the T’ang dynasty, 620 to 007, China 
was covered with such images Countless Buddhas are carved on the 
most prominent cliffs that characterize the landscape, the course of 
a river, or a great highway One of the finest examples of this kind 
IS seen on the projecting cliffs on the Kia-lmg River at Chao-hua in 
Szech’uan. 

This idea is very dear to the Chinese, who regard the mountains 
as the source of life and that which animates the spiritual forces 
which fashion our life. 

The import of these rock carvings is best recognized near the dis 
tr jct town Kuang-yuan-hsien, in the northern part of Szech’uan along 
a river A magnificent Buddha with his tram and othei representa 
tions of the gods of colossal dimensions, are carved on the cliffs on the 
opposite side of the river, alongside of which there is a temple This 
image, as something divine and enternal, looks across the river upon 
the town that stands in his jurisdiction, and endows it with the 
sacred forces of the mountain (pi 7, fig 1) 

A cave near Peking is covered with numerous small Buddhas — sur- 
rounding the dying Buddha. The caves are inhabited by spirits and 
samts The Chinese written character for the word spirit is a com- 
bination of the characters for man and mountain Chinese history 
is full of the sayings of famous men, sages, and priests : 

In lifers evening when duty is perfoimed 
He went to the raountams and became a spirit 

What profound sentiments, what poetry and emotion xs found 
to prevail in the numerous temples of the mountains, that are em- 
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bedded in the midst of a wilderness of rocky cliffs with dense sacred 
groveSj what precious hours are passed there far from the tumult of 
the world ^ as is inscribed in the words 

The wateis rush around, 

The mountains form a wieath, 

The holy heie wish to while 
The moon shines clear, 

The wind blows pure, 

The wise heie meditate 

The priests, who see deeply into the soul of nature, have naturally 
selected not only the most beautiful sites for the temples but have 
furnished them internally in a manner that is only comparable with 
the European monasteiies of the Middle Ages 

For several days I dwelt in the temple Miao-t’ai-sze, a most charm- 
ing residence m the Tsin ling shan, the lemarkable mountains of 
south Shensi, many days’ 3ourney remote from any great city (pi 7, 
fig 2) The guest house that was placed at my sole disposal is con- 
nected with a temple built in honor of Changliang, the great Chan- 
cellor of the first Emperor of the Han dynasty, 200 B C He is still 
remembered and to this day regarded as the protecting spirit of this 
region, where he was born and whither in his old age he returned 
The place is surrounded by mountains that tower above the valley 
covered with forests inclosing a grove of bamboo, cypress, and pine, 
where one feels most impressively the charm of solitude. The poems 
inscribed in this temple should be read on the spot 

The moon lightens the puie pines, 

Wheie the precious diagon floats and piays 
The wind cairies Incense up the mountain, 

Where holy spirits joyfully letuin 

And further 

Here vulgar noises are not heard 
Here dwell a few days, and the place 
Becomes your sacred home 

Similar scenes abound over all China Ancient temples with beau- 
tiful pagodas are found in the woods or amidst the mountains The 
mam halls of these temples contain images of Buddha’s disciples that 
are artistic and lifelike. 

Real rock temples play a large role in China because of the pro- 
found religious association with the mountams. Mienshan^ an iso- 
lated massive limestone mountain, rises majestically from the rolling 
landscape and is torn and broken with many ravines and caves It is 
south of T’aiyuanfu in Shansi and is thickly covered with trees In it 
the largest temple consists of about BO buildmgs, all under overhang- 
ing cliffs The great cave resembles the Cave of the Winds at 

38734^--$m 19IX 3^ 
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Niagara Falls, and probably had a siimlar origin — from a waterfall 
Pilgrims visit this place only once a year, but then in large numbers 
The few priests generally live alone, shut in from the world, and thus 
become hermits Many of them live in small huts or caves some 
distance from the monastery, as is still done to-day all over China 
(pi 8, fig 1). 

It therefore seemed natural that the eighteen disciples of Buddha, 
the Lohan, should be represented as a type of anchorets, in one of the 
temples at Omeishan This is a celebrated type of these images 
modeled after those in a temple m Nanking, It occurs more fxe- 
questly in the marble pagoda of a temple on the West Lake of Hang- 
choufu, that fortunately escaped being destroyed in the Taipxng re- 
bellion. This has sixteen sides, agreeing with the original number 
of Buddha’s disciples It is vigorously decorated and tastefully com- 
posed ; the images of the disciples are carved into the panels and con- 
ceived as anchorets 

The tombs, in view of the association with the sacred earth, are in- 
variably located on the slopes of hills, where least liable to be de- 
stroyed by natural causes. This mode of building is suggestive of 
the idea that the dead have returned to the mountain from which 
all life emanates. In China the tombs have the finest architecture, 
occupy the most conspicuous sites, and are built with most extrava- 
gant art The fagade of a family tomb in western Szech’uan is an 
example of an effective artistic arrangement in imitation of wood 
circhitecture Tombstones are placed m front of the facade, and in 
fiont of these they have the genii tables of eight stone seats to serve 
for the feast of the spirits on certain sacred days (pi 8, fig. 2) . 

In this vicinity I discovered the remains of a tomb that was built 
in the period of the Han dynasty. Tombs of the Han dynasty were 
described by Chavannes and hitherto were not known outside of 
Shantung The pillars of the tombs are similar, but the diflpeience 
in art between Szech’uan and Shantung 2,000 years ago, was consider- 
able An earnest and severe art characterizes Shantung, while here 
the need for genre and life is revealed by the crouching figures in 
the corners and the lively relief designs between the consoles. The 
difference m the art in the different Provinces can here but briefly 
be alluded to in this one mstance 

The much praised beauty of Szech’uan is revealed in many of the 
landscapes of burial grounds that are emphasized by arrangements 
of cypress, cane, and the terraced slopes forcibly accentuated by 
a single tree at the summit. 

The Pailous, or honorary gateways, are memorials of the departed 
that are to be seen on all the highways in China, chiefly in ShaTitunf 2 r 
and Szech’uan; in the latter they are generally built of red :and- 
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stone. The vigorously waved roofs and corneis give outlines that 
are often capricious^ but the harmony of the whole is maintained 

A quaint gateway in Wuch’aufii, near Canton, is built somewhat 
with Indian taste Upon close examination the confused sculpture 
IS solved and reveals elegant and finely wrought allusions to certain 
definite events 

In Szech’uan the idea of a gateway-arch is frequently employed in 
the development of fagades for temples and dwelhngs Everything 
IS lavishly sculptured and painted The edges of the pilasters aie 
artistically composed of a mosaic of small blue and white pieces of 
porcelain, with brilliant festive effect. 

In Szech’uan, moie than the other Piovinces, the natui’a! beauty 
of the fields and highways is frequently enhanced by temples, biidges, 
and altars, which are affectionately remembered by Chinese in foieign 
countries The Tu-ti altars appear everyAvhere, that is, the little 
roadside temples dedicated to the god of the place, who is identical 
with our genius loci. Grateful, pious people endow them by building 
stone flag masts surrounding the sanctuaiy and its smgle tree often 
in great numbers 

Large groups of sacred things are assembled at the most prominent 
places At Tze-liu-tsnng I found a Tu-ti altar in the stieet along- 
side of which theie was a stone flag mast, a column sui mounted by 
the head of Buddha somewhat back, then an altar tor incense, and a 
large handsome altar for Kuanyin, the goddess of nieicy, all of which 
constituted the sanctuaiy inclosed by clusters of bamboos winch are 
named f oi her * “ The Bamboo of the Goddess of Mercy ” The 
Chinese thus put their soul into natiue One of the inscriptions 
reads 

The lust of the world is a am forevei, 

But if you place a Kuauyin Image ou your acie, that Avill enduie 

The combmed sentiment and grandeur with which they treat sur- 
faces is exemplified by the imperial tombs of the present dynasty. 
The great temple tombs of the Emperors are located in a dense glove 
of pines 10 kilometers long and 8 kilometers wide, extending up along 
the massive cliffs of the mountain side Gates alternate with bridges, 
avenues of stone animals with temple-kiosks; and the mortuary temple 
appears in front of the tumulus characterized by a structure several 
stones high. The entire arrangement is plain in the proportioois, 
but is most nobly and solidly built. 

This remembrance of the departed is obviously specially imposing 
ill this case, but China is generally noted for the worship of the dead. 
The ordinary man honors his ancestors m his home and at their 
graves. The wealthy have special ancestral temples connected with 
their own dwellings, or on a selected place, the Tze-t’ang, that is often 
garnished with indescribable splendor* 
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The Ch’en family, a young member of which is at this time a stu- 
dent in Berlin, has such an ancestral temple in the home at Canton 
The temple consists of a series of courts and halls arranged on five 
parallel axes The great guest room for family feasts is handsome 
and airy and most elaborately decorated Each compartment con- 
tains the four tables and eight seats, repeating the well-known genu 
table arrangement of eight (pi 9, fig 1) 

The ancestral hall proper has room for 4,000 small ancestral tablets 
on five most elaborately carved altars In front of each of these five 
altars there are five blue ritual vases Everything is built of the 
richest materials and significant also fiom an architectuial point of 
view 

The mountains play an important part not only for the sites of 
temples, tombs, and ancestral temples but for the locations of the 
cities of the living They prefer sites near a mountain, and when 
other advantageous conditions are available, such as the course of a 
river near the mountain, they consider the beauty of the location per- 
fect The Chinese designate this as Fengshui, meaning that the citvi 
relations to wind and water are perfect 

The laige cities and almost all others aie located in most clever 
coiicoid with the natural conditions to combine most advantageously 
the industrial interests with the most beautiful environment possible. 
The maimer in which the Chinese artistically build their structures 
to harmonize with the natural environment is astonishing The 
Province of Szech’uan has the most beautifully located cities Kia- 
tingfu on the Mm Bivei, a branch of the Yangtze, is a conspicuous 
example. European gunboats steam by this city in the very heart of 
the Empire, among others the German gunboat Vaterlaoid (pi 10, 

fig 1) 

The nver flows along the south and eastern sides, and the city 
spieads out from the corner northwestward where theie is a moun- 
tam that is conceived to have been the piogemtor of it, and from 
which it derives its forces and soul With this conception the temple 
was built on its summit for the protecting god of the city This 
temple has a pantheon arranged with a central compartment for the 
mam god, Yii-huang, the Jewel Emperor, who is preferably conceived 
as the incorporation of the spirit of the mountain He appears in 
three images, thiee manifestations, that are disposed one behmd the 
other, so that the image most advanced in front appears to have a 
more human resemblance than the others that are more in the dun 
shadow of the altar in the rear This is a most impressive represen- 
tation of the triad The great pantheon of the gods fills the other 
space within tins temple. These gods are the embodiment of virtues 
and religious ideals that are specially I’evered in iihysical forms. 
The altars are placed m the axial lines. The two pillars on the sides 
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of the axis have lively modeled carved diagons coiled around them 
that reach out toward the mam axis with the sanctuary m the center 

(fig 6) 

The river flows by steep cliffs opposite the southeast of the city, 
where it is surmounted by the pagoda of the city It is a rule in 
China to haie a tower in the southeast of the city, either on the city 
wall or without in its outskirts, for Kueihsing, the god of literature, 
who dwells in the sl^y in the constellation of the Great Bear, In 
Shansi these detached towers are to be seen near every town and 
village and have often a pleasing and a varied form In Kiatingfu 
there are many other features that are supposed to guarantee sanctity 



Fig 6 — Ground plan of temple at Kiatingfu 


and peace to the city besides the pagoda Among these there are 
a great many images of Buddhas carved on the cliffs opposite the 
city, one of these standing, is 6 meters high, another gigantic image 
sittmg IS 30 meters high Besides hallowed caves, fiUed with god?, 
ancient temples, and gTeat stones carved with the holy Ingrams as 
previoubly desciibed The embalmed and gilded mummy of a high 
pnest sitvs in one of the temples, and there are temples for the poet 
Su Tung'po and others. Sanctity is thus concentrated in what is 
conceived to be the proper place southeast of the city. From the 
opposite side the great temple of the “Ancient of the mountain 
looks down, while another pagoda in the city holds the balance 
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(beetween the two pagodas of southeast and noithwest) The beauty 
of this region may be imagined and is expressed by an inscription 
m the mountain temple. “How propitious is this site^ Here one 
sees the river winding around, the broad plains stretching out to 
the southward, and to the westward the three highest peaks of 
Omeishan ” 

The reference to this patriarch of the mountain, and the triad of 
its highest peaks are reflected by the triad of the chief god in the 
temple 

This IS, on the part of the Chinese, at the same tune, a reminiscence 
of the Buddhistic trinity and the trinity of Chinese religion Buddha, 
Laotze, and Confucius 

Similarly located cities are found elsewhere than in the most 
beautiful Province of Szech’aii This feature is also characteris- 
tically seen m Canton, in the extreme southern part of Kuangtung 
This city is also located near a mountain, its revered ancestral pro- 
genitor, with a pagoda to the southeast to guard the spiritual city 
A five-stoned temple on the summit has the two gods sitting in the 
uppeimost hall, who constantly oversee and promote the dailv life 
of the Chinese These gods aie Wen-chang, the good of knowledge 
Olid learning, and Lao-ye, the god of efficiency and bravery The 
Chuiese designate this duality as Wen Wu, which Euiopeans have 
correctly translated as civil and military, but the Chinese give that a 
more profound signification They guard the city and all prosperity 
depends upon their aid 

Canton is connected to the northwai'd with the famous mountain 
of the White Clouds, and the hill of the city forms, as it were, a spur 
of this mountain The souls of the departed are conceived as white 
clouds, and when the mountain is most densely enveloped in clouds 
the Chinese think that the souls of all the departed are congi'egated 
on the mountain from which, on the other hand, all life came It is 
thus a conception of the circle of all existence 

This conception is given sublmie expiession by the disposition of 
the graves which beginning m the north of the city extend to the 
mountain of the Wlute Clouds, wheie in many splendid temples 
countless gods aie sitting, who in this life as well as in the future one 
are man’s guides and ideals This necropolis is even for China, which 
cm he designated as one large cemetery, something immense. This 
covers an area 12 kilometers long and 7 kilometers wide, and it is 
literally filled with graves on the slopes of the valleys and to the 
summit of the mountain Without any exaggeiation there are many 
millions of graves in this cemetery Some of the graves are very 
simple, others have grand tombs, and many of them ar(' grc\i( cM li-li-* 
works. 
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This has an important bearmg on the religious conception that 
death produces life The mountain is called the T^Tiite Cloud foi 
the souls of the departed, thus emphasizing, From life to death, out 
of death life ” Higher up the mountam theie are imposing grave 
inclosures amidst luxurious trees and plants And when the Chinese 
look down and contemplate the busy city of millions in Canton they 
lealize the vanity of this world and the preciousness of the rest that 
follows death All is vanity in the physical world He is at once 
a Chinese and a Buddhist These ideas aie further embodied in the 
image of Shou-hsmg, the wise ancient hoary god who displays the 
symbol of the world, the sacred eight trigrams which explain the 
circle of existence as the meaning of life (pi 9, fig 2) 

The Chinese thus feels himself to be closely connected with nature. 
T-Ie knows that he originated from it (nature) and shall leturn to it, 
and shall return to the eaith, but then leappeais m the persons of Ins 
childien and gi andchildren He feels hmiself to be but a guest on 
earth, an insignificant part of the whole that he conceives as oneness 
This IS the purest partheism, and a wellspnng for the outspoken 
social mstinct of the race 

There is, however, an essential difference between the Chinese and 
the FLndu The ideal of the Chinese is the greatness and wholeness 
of creation, and he embodies this thought iii his art and religion 
But as a practical man he realizes that as long as he is sojourning 
upon this earth he should arrange this life as comfortably as pos- 
sible Hence his sober, businesslike sense, his perseverance in work 
which should afford him the means for life and enjoyment This 
harmonizing of high idealism with practical sense gives the Chinese 
people vitality and the right to have their ideas considered and 
esteemed as on an equality with our purely individualistic cultuie 
And it may be due to the considerable admixture of individualism 
in the Chinese pantheism that the Chinese in his disposition is nearer 
to us than the racially more closelv related, but dreamy and other- 
worldly Hindu 

We have observed how both the country and its history have 
equallj?" demonstrated to the Chinese tlie grandeur of their con- 
ception of unity His system of the universe is thus divided into 
the forces in the circle of the two principles, the male and female, 
in the eight trigrams symbolizing the development of the variety of 
the rhythmic and harmonic physical world Finally, the unity of 
man and nature It is not very different from our division of 
natural philosophy in physics, mechanical energy, multiplicity, and 
logic and biology It is always apparently the same with mankind 
But the peculiar conception and combination of these elements with 
its trend to pantheism gives Chinese culture a reality that is the best 
conceivable preparation for artistic accomplishment 
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By Dr A F Legendee 


There are a number of aboriginal peoples in the western part 
*of Chinaj in the Setchouen (Szech^uan) Alps, but the most interesting 
IS the race known as the Lolotte Dwelling in a region peihaps the 
wildest on the earth, their physical and moral characteiistics, their 
strange customs, and, above all, their superb courage m the face of 
that formidable foe, the ‘^Son of Han,’^ present a strong attraction 
to the European, opemng up a wide field for observation 

I first became directly interested in the Lolos in the year 1904 m the 
vicimty of Fuhn at the home of Father Martin, the missionary, who 
knows them best and who gave me most valuable information "But 
it was not until 1907 that I began to study them seriously m going 
directly to Kientchang, where I saw much of them in their villages, 
could study their daily life, their curious habits, and could note the 
horror of the bloody feuds between the rival clans and the warlike 
organization of the tribes 

In 1908 I visited many Lolo districts, and, profiting by the expe- 
rience previously acquired, my observations on this occasion were 
much more accurate, and, being more extended, enabled me to 
verify my first impressions* In the villages, as a host, I gained the 
confidence of the families and could observe and mterrogate them ^t 
my leisure. FmaUy, in January and February, 1909, I journeyed 
into the rougher and more turbulent region of Ta Leang Shan, where 
there were constant raids agamst the Chinese and bitter feuds between 
the clans The journey was short but interesting in many respects ^ 

I shall briefly describe the physical character of tlie Lola country. 
It occupies in the western part of the Province of Setchouen a vast 
region entirely mountamous It is a chaos of high ndges and narrow 
valleys, with some lower ndges and plateaus cultivated to a certain 
extent with maize, buckwheat, and oats, but used chiefly as natural 
pastures There are some large tracts where excellent grasses grow, 

1 Translated "by penrusslon from Revae d.e I’Eqole d’Antliropologie, Paris, 1910, vol 20, pp 186-205 

2 See La GeograTohie, April, 1909 
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capable of nourishing large herds of horses, mules, sheep, and goats 
In the mountains there still exist some beautiful forests, where oaks, 
birches, and pmes flourish, as well as the silyer fir which covers the 
summits Up to 11,500 feet altitude there is a marvelous under- 
growth of slender bamboos and rhododendrons, where hide a great 
variety of animals — bears, wild boars, wild goats, antelopes, and deer 
These people are chiefly hunters and herders They have learned 
agriculture from the Sifan and the Chinese, but spend no more time 
and effoit at it than is actually necessary for subsistence What 
they love most is constantly to roam m pursuit of wild ammals 
This beautiful mountain legion is favored with an exceptional 
climate For a great part of the year, paiticularly in autumn and 
wmter, the sky is of a raie purity and clearness Summer is very 
hot and the thermometer is said to go as high as 40° C. (104° F ),'■ 
both in the valleys and on the mountains up to a height of 6,600 
feet, but the humidity is low. Winter, in the districts below 6,500 
feet, 13 never seveie, but, on the contrary, though at mght the 
theimometei may fall below the freezing point, it will rise dur- 
ing the day to 15° or even 20° C (59° or 68° F ) befoie sunset In 
February I legistered temperatuies of 25° C (77° F ) in the shade 
between noon and 2pm, but eaily m the mormng it was less than 
— 2° C. (28 4° F ) We may therefoie class the climate as subject to 
extremes of temperature, but at the same tune decidedly dry, even 
too dry m the valleys below 5,000 feet 
In bis daily hfe the Lolo mountaineer leads a simple and frugal 
existence, content with his primitive shelter made of interlaced bam- 
boo strips The houses, made of rammed earth covered mth fir 
planks, seen m certain distncts, are copied from the Chinese style 
of construction, plainly deviatmg fiom the primitive huts 
The chief feature of the Lolo hut is the hearth, located m the 
center of the room, made of three triangular-shaped stones inclosing 
a hole from 10 to 12 inches in diameter and 4 inches deep At the 
side, one often sees an elevation of three steps made of clay that look 
hke shelves, but it is moie than that It is a sort of altar on which 
certain rehgious rites are performed, is the very sanctuary of the 
hearth, the sacred symbolic spot, after the fashion of the Greeks and 
Romans, the consecrated place in the poor man^s house where genera- 
tions of ancestois have found their moral and physical being strength- 
ened. 

Aiound this hearth the Lolo eats his buckwheat or oaten, cakes, 
boiled maize, or else some stewed meat that he eats when half cooked. 
He also cooks the maize in cakes under the cinders Oatmeal is bis 
principal food, that which he takes with him by choice when he goes 
forth as a warrior or to engage m a feud He fills a httle bag of 
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goatskm with the meal, and when hungry he makes a ball of meal in 
the palm of his hand with water from a stream and eats it as it is 

The potato is well known to these primitive people and is quite 
largely cultivated by them For his primitive menu the cook is not 
at all mterested in what we term condiments ” The only seasonmg 
he cares for is salt and he likes that chiefly as a delicacy In the 
villages salt is eaten the same as sugar candy, pieces of it aie passed 
fi'om mouth to mouth and each one suclcs it for a given time Sugar 
IS not at all dishked, but as the cane does not grow in the mountains 
the Lolo must get it by descending into the valleys at night and 
piUagmg the Chmese fields It is interesting to note in passing that 
the mountain herdei disdams the milk of his cattle 

I return now to their dwellmgs 

• To give a complete idea I can do no bettei than to describe the 
type of hut seen in the village of Bolo, near Yu6 Si This hut is a 
wretched httle affair, 13 to 16^ feet long, S to 10 feet wide, and about 
the same height There is but one room, with a recess sepaiated from 
the other poi tion by a half partition This recess serves not only as an 
apartment for the household but also as a stable for the sheep when 
the tenant is too poor to build one outside the hut There is reaUy 
no furnituie, neither table nor chair or other seat, much less a cup- 
boaid or closet The mmates squat on the giound around the hearth, 
which serves as their dmmg table by day and a place for sleep at 
mght There is no sort of bed in any foim I stated that theie was 
no trace of cupboard or closet in the huts, for what good would they 
be® These poor Lolos have no need of a wardiobe They cany all 
their clothmg on then backs, and wear it as long as they can, rarefy 
having a complete change 

I saw no household utensils except the iaige Chmese scuUion, like 
a spherical pot, and some wooden bowls, very curious and well 
turned They had, however, some large, cylindrical bamboo baskets 
for stormg gram, and sieves and winnowing baskets made of the 
same matenal The hooks for hanging utensils or other objects are 
made of simple foiked branches of trees One other way of holdmg 
objects, such as baguettes or rods, consists of a double rmg m the 
form of the figure 8, made of a rope of bindweed or young bamboo. 
These rods serve as lests for the laige, flat baskets on which they 
dry the gram 

I have called the Lolo dwellmg a hut and it is nothing more 
Made of bamboo strips crossed and lnte^t^vmed or cut into ropes and 
plaits, it offers but a meagei shelter against the cold, wmd, or ram, 
and the pine strips that form the roof are joined so poorly that the 
daylight shows through the wide cracks The j)osts and joists are 
meiely trunks or branches of trees, not squared or even stripped of 
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bark The joists are not selected for fitting to the posts as supports, 
but are roughly held m place by the forked heads of the posts You 
notice also that the rafters are not mortised but are merely crossed 
and fastened by bamboo binders The tie-beams are fastened in. the 
salne way The ridge, nothing more than the mere laymg together 
of some narrow strips, is covered with a bamboo mat extending 
down about 18 inches on each side of the roof 

At Bolo I first observed how the Lolos weave their mantles and 
their leggings I asked the chief's daughter, who had charge of tins 
kmd of work, to show me the implements for spinnmg and weaving 
The spindle was a thm rod with a httle disk m the center servmg as 
a grasp for the fingers. One of the ends of the spindle was length- 
ened with iron to a point for attaching the mass of wool The tliread 
that was made was very coarse The loom consists of three or four 
rods or stretchers for mteicrossmg the threads and a large wooden 
plate or blade for the underweavmg It was the primitive of primi- 
tives, without balancing apparatus, properly speaking, with neither 

harness" nor ^^comb " The threads constituting the warp are 
brought together in a bundle at a stake driven in the ground 

I also saw them make a thread garment, in the meshes of which are 
worked fibers of the palm, Trachycarpus excelsa This is the Lolo's 
mackintosh, the cape that he needs while guarding his sheep in rainy 
weather. The overlappmg of the fibers is so effectively done that 
the surface offers no chance for water to settle in it, and heavy drops 
of rain run off without penetrating it at all It is really a very 
ongmal kind of waterproof 

PHYSICAL AKD MORAL CHARACTERISTICS 

The Lolos are, as a whole, a vigorous and healthy race. Livmg as 
they do in the high mountams, where they are exposed to extremes 
of temperature, with mild days and icy nights, m miserable shelters, 
natural selection has played and still plays an important r6le m 
this group of humanity The weak do not survive, they quickly 
disappear 

Giving to then fields only the minimum of time needful, and 
being occupied mostly with their cattle and m Iiunting for wild 
animals, the Lolos practically pass all their lives outdoors They 
leave home m the mommg to return only at nightfall The steep 
slopes of the mountains and the abrupt sides of the plateaus cut into 
deep ravines make walking veiy difficult, so that this people have 
acquired an extreme suppleness of muscles, the agility of a deer So 
also their favorite habit of the raid and the feud, the circuitous tramp 
required, keep the men in constant activity, developing a vigor and 
endurance rare in any other race, even the most warlike on the earth. 
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The Lolo has the audacity of his vigorous physique, of his superb 
vitality Always in motion, always on the alert, ready to meet any 
surpnse, nothing troubles the mind of this fearless fighter What he 
loves most of all is to attack the hated Chinese It is a wild gueiilla 
attack, brutal and frightful, which makes eveiy door fly open, leav- 
mg the enemy at his mercy without the shadow of a defense 

In fights with men of his own race, wariiors of his own stamp, he 
shows a prudence equal to his courage He displays all the astute- 
ness, aU the strategy, of the red man, which he lesembles in many 
respects He habitually steals his silent march and falls at night 
with the suddenness of hghtnmg on the hostile clan It is m a feud 
above all that he thus fearlessly acquits himself. In these feuds of 
tribe against tribe they often settle quarrels m pitched battle by 
•broad daylight at some place chosen m advance 

What the Lolo lacks in bemg a perfect wariior is not certam, it is 
not com age, nor ardor, for this race, says Father Martin, knows 
neithei flight nor hiding before an enemy This they do lack — ^per- 
severance, that wiU-powei, that persistency of the white warrior, 
which leaves no respite to the enemy until he is overpowered. 

The Lolo is the same m peace as m war, he ignores continuity, 
laying aside too readily the task he has begun Like a child he is 
changeable, fluctuatmg, a vagrant morally as weU as physically. 
For him hfe is a jest, hard sometimes, very often even bloody, but it 
IS always a play, he has no other conception of Ins destmy Gen- 
erous, even wasteful, when he can be, careless to our mmd, nothing 
seems to fix his thought beyond the present hour, nothing fixes it 
unless it IS his ardent hatied toward the son of Han. His other 
enmities, peisonal or collective, although hvely, even ferocious some- 
times, as in a feud, do not have the same tenacity, for with the 
clans he makes truces, some agreements leading even to recon- 
ciliation When fighting with the Chmese, however, there is no 
truce, this is a fight to the bitter end, a chronic raid, nothing can 
stop him 

The Lolo in this kmd of attack always acts by surprise with such 
an astuteness and extreme swiftness that it is very difficult to ward 
off the first effects The beginning of these dramas is a conflagration, 
a destructive fire lighted at all corners of the village at once by means 
of pine toichcs fixed at the end of the great Lolo lances 13 to 16 feet 
long In a tvToklmg the miserable wooden and bamboo huts burst 
into flame; cattle, horses, and sheep gallop wildly about, precipitat- 
ing disoidei and greatly obstructmg the defense Animals and men, 
seekmg to escape the fire, are driven back by the spears of the aggress- 
ors and forced mto the center of the village The fighters of the 
assailed clan may succeed by wild dashes m agam meetmg their ene- 
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mies ui teinble hand-to-hand deadly encounter, when the cutlass 
leplaces the useless lance 

Their bloody feuds too often form painful phases in the life of the 
Lolo The clans, the tubes, often exhausted, lose the most valiant 
of then fighteis in these fiightful dramas, which at tunes lead to the 
extermination of an entire clan I had with Fathei Guebriant a very 
vivid impression of a tubal feud and its atrocities It was in Feb- 
maiy, 1907 Invited by a chief of a clan, we were directed toward 
Ya Long, near a Indden recess in the mountains at a height of 10,000 
feet Fortunately for us, a very rough halting place prevented our 
reachmg the chief s village before nightfall It was in this village, 
a mile and a quarter fiom us, that a frightful drama was enacted dur- 
mg the night The village was completely i educed to ashes, and the 
wife of the chief of the clan, wounded by many lance cuts, escaped as*" 
by a miiacle from the flames His daughtei, 16 years of age, was 
found dead, the body completely charred Some slaves perished m 
the same manner, as also some domestic animals which could not be 
saved This was the feud You would be amazed with what fierce- 
ness they attack defenseless beings, foi the law that rules the feud is 
the extermination of the enemy, even the wjiiien and the little ones 
Not a bit of meicy Tins is wai moie legitimate, if possible, than a 
fight against an invader It is the war of the first ages of man, the 
fight to death, not for social domination, but for the safeguard, the 
preservation of the i ace 

Though the Lolo is terrible in his vengeances, he is altogether differ- 
ent m ordinal y hfe He is a vahant and loyal warrior who fights for 
the veiy pleasure of fightmg, but always respects his wounded or cap- 
tive enemy 

The Lolo owns some slaves, but he rarely treats them cruelly On 
the contiary, he is kind to them, gives them fields to cultivate, is con- 
tent with small lent, and finds wives and husbands for them in the 
tribe He even gives them wide libeity on condition that they do 
not strive to abuse it 

He exhibits his unselfishness most of aU m his treatment of the 
feeble, the disinheiited ones of the tribe, women, children, and the 
aged, or those afflicted with contagious maladies, as lepers AU these 
bemgs are loved, succored, and never do they try to get rid of them. 
This warrior, so fierce in his vengeances, is full of compassion for 
these suffermg ones, and he aids them to the limit of his resources. 

He is likewise a man of good faith, who is anxious to keep his engage- 
ments If he has given you his word, he holds to it to the end, even if 
some direct interest, some serious motives, should at any time anse 
to shatter his first resolution 

I have several times confided myself to the Lolos, placed mys^ 
in their hands, without having experienced the least deceit, the 
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least annoyance from it They could with impunity have caused 
my disappearance with profit to themselves, but I am suie that not 
one of them ever thought of it, that then great desire was to make 
my journey through their distiicts the most agreeable possible for 
me As the wiiitei's cold is seveie m the mountams, a rousmg fire 
was caietuUy kept burning all night to protect me against the biting 
north wmd The poor people could not attam the lesult sought, so 
primitive is their cabm, so msufficient their sheltei, but it was not 
their fault, they did all that was possible Above all, the welcome 
was cordial and entiiely unselfish 

ORGANIZATION OF THE FAMILY, THE CLAN, AND THE TRIBE 

The membem of the Lolotte family are geneially closely united 
You find a true affection in the absolute equality of its parts The 
wife IS never such a slave as is nearly always the case among the 
Chmese, on the contraiy, she is loved altogether as a woman and 
not at all as the peipetuatoi of the ancestral cult Loved for herself, 
the true, mtunate, and social companion of the husband, she always 
retams an individuality m the family, an acknowledged unity 

The daughter-mdaw is always tolerated if not loved, is never ill- 
tieated like the daughteis of Han Children m their turn are much 
petted and caressed, the giils receive the same care and affection as 
the boys, and are never considered to be inferior beings as they are 
m Gima 

Independence of the family — ^From a social standpoint, the Lolotte 
family is well organized It enjoys its own mdependence, forms a 
unit m the clan or the tribe, with no possibility of servitude or 
dangei of absorption by the autocracy of a chief or a seignor The 
husband is the unquestioned head of the family, the wife is a com- 
panion and a highly lespected counseloi The boy belongs first of 
aU to the father, and next to the chief of the tribe, but not until, 
under the law of the clan, as a sacred warrior, he attains to manhood 
at 18 years of age 

Education — ^The child receives only a physical education, with no 
school or pedagogic mstruction whatever, even for the son of a grand 
seignor It is very seldom that even a nobleman (os noir) learns to 
read or write They devote themselves to such exercises only in 
preparation for futuie sorcerer priests The Lolo is in fact a very 
ignorant man who thmks only of running about the mountains with 
his pack of hounds and his herds or practicmg his skiU with the bow 
or the lance for his darmg adventures 

The youth on the day when he becomes a sacred warrior is con- 
sidered as of age The young girl is free only at the date of her 
marnage, however late in life that may he. But she does not need 
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this legal consecration to enjoy the largest hberty She comes and 
goes, visits her distant friends, is absent for long periods without 
anyone's concern She has all the nght and authonty to take care 
of herself and this care is completely devolved on her 

Order of descent — ^Among the Lolos as among most peoples, it is 
the male Ime of descent that ranks first Inheritance is thus trans- 
mitted to the son or m case there is no offspnng to the nearest rela- 
tion in the male line, never to daughters or females, not even to the 
mother or the wife 

Marriage — ^The Lolotte family is based on a formal umon con- 
secrated by the parents alone There are cert am traditions on the 
choice of a fianc4 oi fiancee which have neaily the force of law in all 
the tribes, one is that a young man should by preference seek his wife 
from his maternal grandmother's family, although the young girf 
can not make her choice m her own clan; the marriage is thus 
exogamous The marriage consummated, the young wife returns 
to her family near her mother So custom demands She may 
remain theie some days or weeks or months before returning to her 
husband's home The wife is highly respected, if she is ill-treated 
she flees to her own home, and the husband is severely censured by 
all the clan, and if he pushes his companion to suicide he may pay 
for his brutality with his own life. 

Social life — Feudal system — ^The constitution which governs the 
clans much lesembles the old feudal system of Europe The tnbe is 
ruled by a seignor, who has his vassals and serfs paymg him rent and 
compulsory service Each vassal is further required to furnish in 
time of war a certain number of armed men, the number being deter- 
mined m advance 

It would seem as if this system would be burdensome to the 
ma] onty of the people, but it is not at all so The serfs enj oy a liberty 
that m the Middle Ages was never known by Euiopeans Although 
they are really slaves, yet when once settled m a clan by marriage, 
their condition becomes difficult to distmguish from that of a serf 
properly speakmg, they enjoy nearly the same independence Feudal 
power is hereditary, election in any degree does not exist 

Castes — Socially, the difPerent members of a clan are divided into 
three classes or castes (1) The Y (Os nous), which represents the 
anstocracy, (2) the Os Wanes or middle class; (3) the slaves- The 
Os Wane remains such through centuries and the slave can never 
attain his freedom As to the H6 Y, there is no social decadence 
possible for him he can never fall into the middle class It is proper 
to add ihat a inairiage under any circumstances can effect no change 
in caste 

Justice and penalties — ^There is no written criminal code no more 
than there is a civil one. It is tradition, custom, certain ancestral 
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decisions, that hold the place and the authority of law It is a 
pnimtive form of justice yet dignified and eqiutable The ordmary 
theft as defined m Europe exists but httle in the clans If perchance 
a petty theft is committed, it is amicably an'anged, but restitution 
13 obhgatory If it is repeated and a serious faUmg out is caused 
between two or more families, the culprit is imprisoned by order of 
the seignor If he will not mend his ways, but becomes a menace to 
the peace of the clan, he is drowned m a moimtam tonent 
What the Lolo practices most of all is resentmg by force of arms 
between tribes and clans that wfiich a family or a group of such 
consider to be an mjury, or they mflict on an adwersary a damage 
equal to that received This is not robbery It is a legitimate ran- 
som for a prior vdlamy But the one who suffers most from this 
punishment by retahation, constantly apphed, is the Chinese In 
piUagmg at will wnth nameless impudence, the Lolo declares that he 
IS regaimng by his rightful usurpation his own valleys, his fertile 
fields, which the other gamed by ruse He scatters animals and men, 
desolates entire villages, rums special districts — ^it becomes to him a 
sport, a pastime There is no punishment for it They rarely oppose 
the return of the piUagers, and there is httle risk of bemg pumshed 
in their mountain homes 

Murder for robbeiy or personal vengeance is almost unknown 
When a murder has been committed, the criminal is hung as soon as 
possible If not he os buried alive m the forest, or, fastened to a tree 
in a sohtary place, he dies from starvation or from the teeth of wild 
beasts Some tribes mflict punishment by fire, each carrying his fire 
log to the place appomted for the execution. 

If the murderer belongs to a different tube, it means war at once 
and unrelentmg There is no isolated action by the family of the 
victim, but a gettmg together of all the clan — all the tribe, if neces- 
sary The bloody feud is then at its height — vengeance for all. 

Ownership of property — ruhng principle m the property system 
IS that the products of the sod belong to the one who cultivates the 
land and not to the chief of the clan, though some contracts are made 
for renting and farmmg wath return in natural products 

The vast expanses, stretches of forest land, are by no means owned 
by the seignior, but they are the property of the clan as a community. 
The os noir or highest class has his own lands that he makes valuable 
through the aid of his serfs, and he has no right to increase them by 
monopolizing those of his neighbor’s He is also forbidden by the 
right oF common custom from possessmg himself of a heritage The 
chief of a tribe has none of the prerogatives of a petty tyrant kmg 
His r61e is chiefly that of a patriarch, limited to the gmdance, the 
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counseling of an impetuous race, exceedingly jealous of their rights 
and of their hberty 

Oiml liberty — In this case, as m others, there is no -written law, it 
IS tradition which contmues to hare the force of law In busmess 
transactions of all kmds there is no other guaranty than that of the 
pledged word of mouth There is used, however, in the case of an 
employer, under certain circumstances, a stick cut with a series of 
notches and spht through the notches from end to end like a tally 
stick Each of the contracting parties takes one half of the stick, 
if a dispute arises, they place the two pieces together and the one 
disloyal is readily revealed 

RELIGIOUS IDEAS 

Religion — ^The Lolo rehgion is based on a belief in spirits, bemgs 
immaterial, good and bad He seldom thinks about the good spirits, 
even ignores them, but the evil spirits, on the contrary, to which 
misfortunes and maladies of all forms are attnbuted, become objects 
of sohcitations, of formal supphcations by the sorcerer priests, never 
by the mterested party, for to be able to appease the evil spirits some 
sacrifices are very frequently offered, though there is no true cult, 
no real ritual The prayer m the form known to us does not exist 
at aU The Lolo fully recognizes a sovereign God, omnipotent, Crea- 
tor of all thmgs, but he has not thought of budding a temple to Him, 
nor of worshipmg Him under any image whatever For this God and 
the senes of good and evil spmts there is only an official, the sorcerer 
of the tribe, whose r61e is limited to the practice of certam rites and 
the rendermg of oracles The sorcerer priest is also a healer, so they 
thmk, especially when the illness is considered as due to the entrance 
of an evil spirit which can be driven out only under the irresistible 
action of certam ntes In serious cases, w^hen the adjurations have 
no effect, a sacrifice is made, by the burnt offermg of a domestic 
animal, to the recalcitrant spirit — a cow, a goat, a lamb, or a fowl. 
The kind of animal to be offered is determined by an examination of 
the cracks made by fire m the shoulder blade of a goat or sheep 

If two fissures appear in the form of a cross, it is a good sign, the 
patient -will be cured If some fine cracks out the arms of the cross, 
the result is doubtful, the spirit makes some restrictions, some further 
ntes are required It is then not a fowl that should be offered, but a 
cow. The sorcerer then repeats the process with hghted tinder A 
new animal is sacrificed The heart is offered to the sick one and must 
be eaten by him The anunal is not consumed on a brasier, as was 
-done by the children of Israel, but it is eaten by the sick one's family, 
which offers to God only the blood of the victim 

In religious matters, the Lolo's mmd presents two charactenstics 
m strange opposition There is not only a pnmitivc beJicf in the 
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direct intervention of spirits as the agents of all their misfortunes; 
even of sickness, but, on the other hand, there is that skepticism of 
ancient civilizations which disdains to give alms to the deities by 
prayer or to erect temples or altars, or to prostrate oi hunnliate 
themselves, they despise fetiches and incense 

Every Lolo is possessed of a soul, a living and active though imma- 
terial substance, impalpable, and mvisible At the death of the one 
which it animates, what becomes of this soul ^ If it has broken no 
sacred law, it remams m a condition of transitoiy rest, not really 
unhappy, but without ]oy, without positive happmess It will expire, 
on the contrary, if it has done evil or violated the precepts of the 
traditional morals of its race I must tell you that the Lolo shows 
but httle respect for his deities, it is so httle even in the case of the 
good ones, from whom he has nothmg to fear, that he considers them 
as mere guardians of the body, protectors or aids of the lowest order 

Does he not say in the ritual chants pieserved by the sorcerer 
priests “May the good spirits go before you that the nail of your 
toe be not bruised ^ May the good spirits precede you, clearmg 
obstacles, that the nail of your hand be not bruised Thus is 
chanted the celebration of marriage They also add “Protect by 
day, watch by mght ^ May the good spirits hearken to you, that not 
one of your hairs may fall ^ ” 

ORIGIN OP THE LOLOS — TRADITIONS 

Father Martin gives the following versions on the origin of the first 
Lolo 

1 In very ancient times a man fell from the sky to the earth, he waa naked Then 
there fell another man and a woman and these two were manied The legend 13 silent 
as to what became of the fiist man Then the the herb ‘‘jegu” grew, then ferns 
Soon there were bom a beai and an ape Thus was made the human race, for the 
beai, man, and the monkey aie of the same nature 

2 Man appeared on the earth, and there were born from him the bear and the mon- 
key The legend does not explain this reversed Darwinian theory 

3 First fell a white man, then a black man, then a red man, they had no clothes, 
but dressed themselves with leaves These men remamed a certain time, then dis- 
appeared The sky then sent a couple that brought into the world two sons who, 
deprived of wives, could naturally not have posterity Again the earth found itself 
without a smgle human representative Then there came a new man, who also died 
without posterity A woman then appeared, a sort of harpy, who remamed childless 
Fmally there fell from the sky “Omou,” who left 10 sons and daughters, and thus 
the entire earth was peopled 

Deluge — “Wien man, increasing and multiplying, had mvaded the 
entire world, then burst forth the deluge On all sides the water 
gushed forth, from mountains, rivers, clouds, and fields. All man- 
kind died except one brother and his sister of the ancient line of Omou. 
They cut down a tree {Eloecocca vermcifera)^ the sap of which is 
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very commonly used m China as varmsh, somewhat resembling 
our fig tree, and budt an ark in which they took refuge Then the ark 
floated on the water over all the land The waters having at last 
receded, the ark rested on Olou Mountam The brother and sister 
having thus escaped the catastrophe that destioyed all other human 
beings, ]omed in marriage and bore numerous children From the 
two older ones, the first were of the Sif an type (an aboriginal race of 
the Far West very near Tibet), the second the Lolo type, and the 
youngest the Chinese type Fearing a new deluge they undertook to 
build a very high house. A Pou Ouosa (a deity) tried to dissuade 
them from this work, but they would not listen even to his threats. 
But when the workman on top of the structure said ^ Bring a beam,^ 
and the one who was below sent up a stone, then, no longer under- 
standing one another, they separated The Sifan emigrated toward 
the north, the Lolo to the the east, and the Chinese to the south ” 

There is another version of the deluge Two brothers were tilhng 
the ground. The god, A Pou Ouosa, said to them. ‘Do not dig^ 
But they dug the moie A Pou Ouosa repeated ‘Do not dig, the 
end of the woild is coming ^ One beheved the god, the other not at 
all To the one who believed, A Pou Ouosa said ‘Make an ark of 
wood, you and your sister, and when the waters shall come you shall 
float within ’ He said to the other ‘Build an ark of iron ^ The 
deluge came, the brother and his sister who had taken refuge m the 
iron ark were drowned, the wooden ark floated and saved those who 
had believed m the word of God The waters having lowered, the 
brother and his sister came out of the ark The god, A Pou Ouosa, 
then said to them ‘There are no human beings on the earth, you 
must marry ’ They hesitated, but such miraculous thmgs were going 
on at that moment before their dazzled eyes that they yielded, under- 
standing that it was the will of A Pou Ouosa. Their first offspring 
had flat feet, this was a bear Then there was a second which bore 
some resemblance to a real man, this was a monkey At last there 
came into the world a bemg that looked like a human bemg, and this 
one was really a man Whence comes the tradition ‘The bear, the 
monkey, and man, all of the same natm^e ’ ” 

Faneral nfes — contrast with the Chinese, the Lolo of Kient- 
chang has no cult for the dead, for ancestors When a member 
of a clan has drawn his last breath, they carry hmi in a wooden bos 
called the “mortuary box '' They bum the body lying in the foetal 
position and all is ended. They do not even gather the ashes to take 
home. And in the future no kind of religious nte will be rendered to 
the shades of the deceased, he has absolutely disappeared from the 
clan 

In order to complete this review of the principal characteristics of 
the Lolo mountaineer, I shall here recall an interestmg eonrcr-ation 
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that I had with the chief of a large tribe nx the valley of Ngan Niag, the 
seignior os non, Vou Ka. I had won his confidence, which is the leason 
why on one fine day he confirmed or corrected a senes of important 
statements that I had recorded dunng a preceding journey These 
are only bnef resumes but are very instructive. 

Utensils — It is said that there is one industry of the greatest neces- 
sity that IS found among all races of men ui every region on the face of 
the earth, that is pottery. The peoples of Africa and Oceanica, even 
in a savage state, fashion all sorts of earthenware receptacles from 
clay or sandy matenaL Among the Lolos, however, there is not a 
trace of native pottery. The bowls and teapots that are occa- 
sionally seen at the home of an os noir are of Chinese make, either pur- 
chased or presented In the houses of Leang Shan or Mao Nieou 
Shan, you sometimes see a wooden bowl m the form of our soup 
tureen or fruit dish. It is generally well shaped and carefully turned, 
and 1 have recognized in this important detail the Chmese influence 

Money — ^The Lolo, for commercial transactions, has no kmd of 
native money Though you may see some brass and silver corns, they 
are of Chmese origin, Ml he knows is to trade by direct exchange of 
merchandise,' common barter. 

Weights and measures — There are no weights or measures among 
the Lolos. When he sells gram he gives you 1, 2, 10 loads, each rep- 
resenting the quantity that a man of ordinary strength can carry on 
the head, or, more rarely, in a basket When he sells you any com- 
modity he poises it in the hand or in both hands and tells you its 
value according to the weight estimated, which corresponds to no 
defimte unit 

Professional trades — There are but few tiades The only definite 
ones are weavers, carpenters, and blacksmiths What partic- 
ularly astomshed me was that there are no tailois or dressmakers, 
properly speaking Their clothing is made hy the adults them- 
selves. The servants may work for their mistress, the ^^ouatze^’ for 
the seignior, but there is no specializing of work in the ordinary 
meamng of the word 

Clothing . — Before the coming of the Chinese and their attempts at 
conquest, datmg from the fourteenth century after Christ, before 
the Chinese had influenced the aboriginal customs and effected com- 
mercial exchanges, the Lolo dressed m the simplest, most primitive 
fashion The women’s skirt, the men’s trousers, were merely a 
piece of veiy coarse woolen cloth, draped around the hips and reach- 
mg to the knees m numerous vertical folds. A cord held this cloth 
around the waist. The costume was completed by the mantle so 
characteristic of the Lolo people, the part of its dress that without 
alteration has come down to the present time. The mantle is also 
made of a large piece of coarse cloth It is nearly square, and not 
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skillfully tailored, as in our country It adapts itself to the shoul- 
deis, and is fitted to the neck by a cord passed through a fold in the 
upper border of the piece of goods The mantle and the skirt com- 
prise the entire costume 

The Chinese at one tune offered for sale their cotton fabrics and 
recently those imported from Europe The Lolos now purchase 
these, and even in the remote distiicts of Leang Shan nearly ah the 
men wear cotton pantaloons and blouse, and the women wear a skiit 
and waist of like material, I have, however, m the mountains of 
Mao Nieou Shan seen some women slaves wearmg coarse, gray or 
black, woolen petticoats, which are never white, though you fre- 
quently see white mantles The petticoats are the natural color of 
the wool I have not ascertained whether the Lolos know the art of 
dyemg fabrics, but at the piesent time, however it may have been'* 
heretofore, it is ceitain that for a long period the cotton fabrics 
spotted with bright colors (red, green, blue, and violet), whi^ the 
women as weU as the men have sought for the turban and their 
blouse, have been furnished by the Chinese Once, says Vou K.a, 
the turban of the ^mung man, as well as the hat of the young woman, 
or the bonnet of the young girl, were of wool The fleece of his 
sheep furmshed the Lolo with aU his clothmg, even his head 
covermg 

The carpenter is the man who is but httle employed, who woiks 
both with the hoe in the field and with the axe m the village The 
squaring of timbers for structuial work is so primitive, mortising so 
rarely done, the fiaxmng so rudimentary, by simply laying beams 
together to hold them m place, that it is useless to look for art from 
the Lolo carpenter. 

As to what we term a cabinet maker, that profession is never 
found among those tribes, for the simple leason that the Lolo con- 
siders all furniture as useless 

The shoemaker would have httle to do, for the IjoIo either goes 
barefooted or wears straw sandals that nearly anyone can plait 

The blacksmith trade is the most important of all Hoes are 
needed for the farmer, as well as a small plowshare, a very primi- 
tive land of implement borrowed from the Chmese And above aU, 
the Lolo must have non heads for lances and arrows, and ordinary 
blades for cutlasses, fine blades being purchased from the Tibetans 

The blacksmiths make nothing at all for structural work, not even 
hinges or handles for the doors; not a nail or a bolt- — some strips of 
bamboo or bindweed answermg for all these things. This is because 
the simple Lolo house is built as by a turn of the hand and can be 
completed in a day* This fact was proved by me several times, and 
I was not at all astomshed in the case of the ordmary hut, the real 
home of the primitive mountaineer. Of course, more care is taken 
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in constructing the larger and more comfortable homes adapted from 
vaiious Clnnese types 

The mason and the locksmith, like the shoemaker, may be passed 
over without mention 

There are no merchants in the clans, properly speaking, nor shops 
Each family supplies itself or receives from the seigmor the material 
necessary for food and clothmg. The real necessities of life are less 
complicated than one would imagine The Chinese merchant never 
settles in the villages nor in the territory of a tribe, but sells his arti- 
cles through a colporteur, traveling from group to group He is very 
largely paid in cereals, wool, or animal hides 

After this review of the social and economic organization of the 
Lolos, various other subjects were discussed, and You Ka responded 
with no less clearness 1 already knew much about these people, but 
it seemed very important to verify my first observations 

“Is it true that the Lolo does not wash himself, that he never dis- 
robes to sleep^” — “He bathes in summer in the mountain streams, 
and washes his feet tliroughout the yeai at dawn of day, but has not 
felt the need of other washmg. Our women, our housekeepers, with 
a strict sense of cleanlmess, never knead com or buckwheat flour 
without having carefully cleaned their hands and forearms in. plenty 
of water Otheiwise they aie not particular about washmg, it is 
really useless Our people are not accustomed to disrobe at mght 
He sleeps, as you have seen at Ta Cha Chou and at Y L6, crouched 
befoie the fireplace wrapped m his mantle We are always on the 
alert, always leady to face an approachmg enemy or to rush to the 
caU of the chief for an attack 

“Did you know of rice before the advent of the Chmese? Was it 
cultivated by any of the tubes — “That cereal was unknown to us. 
It was the Chmese who brought it to us and taught us how to cultivate 
it It IS, however, as you know, used only as a dehcacy by such of 
our clans as possess iice fields ’’ 

“Is it tiue that you can prepare meat in such a way as to obtam a 
powder that will keep for a long time^^’ — “Our ancestors taught us 
to cut meat into thin stiips and to dry them m the air or before 
a fire When once hard and brittle, the strips are pounded in a 
mortar and reduced to fine particles This meat powder wiU keep 
m good condition for two years when the desiccation has been 
thorough, but only one year or less under oidmary conditions. It is 
prepared for consumption by dissolving it in water 

“To make a fire did your ancestors have any method other than that 
now employed — that is, the flint ^ Have they any other processes of 
lighting than by chips orsticlcsof pme or fir — “No; they light the 
tmder, as you know, made from tops of the immortelle and other 
^ plants, by striking the fimt with a piece of iron Our ancestors never, 
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like the Cluuesa, used colza or other oil for illummation, we use that, 
and also pme cones held in the hand or fastened to something as you 
have seen 

I then called attention to the fact that coal, so abxmdant m these 
regions, is httle used by the Lolos In the clan of Vou Ka they have 
used it for only the past 40 years In the different districts that I 
traversed, places far from the centers and inhabited by vanous 
tubes, I never saw them make anything but wood fires 

The chapter on religion is short, but Vou Ka declares that the 
tribes have no poussahs (grotesque religious images) such as the 
Chinese have They never pray m his clan nor in others elsewhere. 
His god IS his tuft of hair rolled up in his turban This is his ^ ‘ come 
'^Is the god represented by the tuft itself, or does he dwell there as an 
immaterial being I could not make my meaning clearer, yet Vou 
Ka appeared not to understand it, such fine distmctions were beyond 
his comprehension When they make an offering, there is uothing 
religious 01 sacred about it; they drink some brandy mixed with 
blood, the blood of a dog that has been sacrificed. 

Loutze Ming and others had given me some information upon the 
penalties or crime in the tribes or clans and I wished to hear them 
confirmed by Vou Ka He explamed them clearly, summing up as 
follows the common law — ^there is no written law 

He'wEo has killed should die If there should be any attenuating circumstances 
they permit the criminal to execute himself either by watei or by the lope, but if 
he hesitates they drown him at once m the mountain torrent or else hang him There 
aie no such horrible tortures as one finds among the Chinese 

Vou Ka confided to me that has people have none of the loose 
manners of the Chinese, and it is tiue. The Lolo has a veiy high 
idea of that sentiment which we call modesty 

This modesty is so real, so deeply rooted m the intelligence of 
these primitive people, that it is the depth of disgrace to a woman 
and to all her clan likewise if she should expose her naked body. I 
can cite a curious stiilang instance of this chai act eristic, leally grand, 
all that a genuine saciifice involves. 

When two tribal enemies have long been in strife, so that frequent 
and deadly encounters cause desolation and lum among families, 
with no hope of reconciliation, the wife of the chief of one of the 
tribes resolves to sacrifice her female modesty, in order to bnng to 
an end the dreadful feud Her decision made, she hastens by devious 
paths, on the day fixed for the encounter between the two bands of 
wamors, in order to reach the place before the fight begins. 

Quickly, then, none daring to hold her back, she casts herself 
between the hostile ranks and in a becoming manner, in simple words, 
beseeches the fighters to put an end to a carnage which has lasted 
too long, which has threatened the anmhilation of the brave and 
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stiong of both tribes ^^Do they still wish to peld to their hatred, 
to sacrifice themselyes, forgetting that their wives, their children, and 
their white-haired aged ones will soon have no protectors?'^ If her 
prayer has no effect, as the warriors stand like statues, savagely 
keeping silent, she begs them for the last time to hsten to her But 
if the lances be not lowered, then heroically, with a bold gesture of 
sublime immodesty, she throws aside her clothes and stands entirely 
naked before the ranks of men A clamor then breaks forth, vibratmg 
through the depths of the ravmes, mountmg to the summits, a clamor 
of shame and of despair hurled forth by the warriors of both clans, 
this time the lances are lowered and the deadly feud is closed By 
sacnficmg her modesty the woman has triumphed, by this great 
sacrifice all their hatred is thus suddenly ended There is shame for 
all these men for having provoked such an act by a respected wife of 
a chief, there is shame, but endured entirely by them! They tremble 
with horror for a long time, recallmg it with anguish Modesty ^ 
thou art not then merely a word in the land of the primitive Lolo! 

I will give an amusmg account of the ceremomal accompanymg 
every Lolotte mamage, translated by Father Martin 

As soon as the fiancee amves m the tribe of her adoption the 
mamage is celebrated with great pomp If the family is weU to 
do, the sorcerer is called with his book of traditional conjurations or 
adjurations and threats agamst evildoers His rituals are said, a 
cup of '^chao tsieou" in the hand which he pours out on the ground 
at the end or toward the four pomts of the compass, this is the 
ritual gesture His prmcipal r6le is to clear from the path of the 
young couple the evil genu, but he must also make some wishes for 
their happmess, for abundance of good thmgs of this world, for 
posterity, and for long life His cup of alcohol m hand, he cries: 

A libation ! A libation to the piotectmg spirits above, to the god Apou Ouosa, 
to the shades below, to the spirits of the mountains, to the spirits of the valleys, to the 
spirits of the East, to those of the West, to those of the North, to those of the South 
A libation to you, spouse X ! To you both, may the spirits on high give you full 
measure of happmess, likewise the spirits below I May the god Apou Ouosa load you 
with blessings! May he protect you by day, defend you durmg the night! May there 
come to you abundant posterity some sons for the father, some daughters for the 
mother ]\lay the sons live 99 years and the daughters 77, and may such posterity 
contmue for 1,100 years ’ Pretectxon by day, watchfulness by night ^ To you two, when 
you shall spend the day on the mountam and should the evil spirit come, may the evil 
one fly away I If the evil spirit comes, may it fly away! When the newly marned hus- 
band shall enter or leave his house, if the evil one seeha to accompany him, maybe be 
poweiless, may he fly awayf If it be that evil spirit X , may it fly away, if the evil 
spirit M , may it fly away, if the evil spirit N , may it fly away! If the newly mar- 
ried spouse goes mto the village and the demon of the thickets should come toward 
her, may it fly away I If it he the chief of devils, may he flee! May the wit( hcs lience- 
fordi vanish! May evd omens cease! Away misfortune! Away sickness! You two 
man led ones m your white old age, may you have youth with teeth complete! May 
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the guests come in crowds to the weddmgi "Enter it right, be at peace, return con- 
tented 1 In drinking at the siphon, do not drink to suffocation, in eating of the meat, 
do not choke yourself! Protection by day, watchfulness at night! May the good 
spirits listen to youi prayeis, that not a hair of your heads may fall! 

POLITICAL OBGANIZATIONS OF THE LOLO COUNTPY 

I have said that the Lolos are divided into clans, into tnbes, which 
not only lack a common bond, but are often in conflict, weakening 
and ruining themselves in bloody feuds It is seldom that two oi 
three tribes join against an enemy When such an agreement is 
made it never lasts long, but is broken as soon as the expedition ends 
The most powerful of the tribes, called Lo Hong, which can put in 
the field 10,000 fighters, some 20,000, has never been able to 
assert its supremacy over the smallest tnbes so as to make them " 
submit to its law Pohtical isolation of the clans, favored, if not 
caused, by the nature of the soil and the wild character of the region, 
still predominates It is kept this wa}^' by its pnde, a pecuharity of 
the seigniois, and of the least little chief who can not conceive of an 
authority superior to his own Scattered over a mde region, in 
small villages of 10 to 20 households, rarely moie, connected by 
simple paths or trails often dangerous, the Lolos do not form a 
compact body of people that might be termed a nation They are 
stiU in a stage of pohtical evolution No village, even that of the 
most powerful tribal chief, has yet been raised to the dignity of a city 
of the lowest class An assemblage of a hundred famihes m a sort of 
small intrenched camp is altogether exceptional 

Ongin of the Lolo — ^How was it that Kientchang came to be the 
home of the Lolo, is it claimed that he was merely an immigrant in an 
ancient epoch ? Why did he penetrate mto this wild and inhospitable 
mountain pasture® Did he come to conquer it, drivmg back or 
uniting a more feeble race, or was he only a refugee in quest of a 
shelter, a human outcast dnven aside by the flood of gTeat invasions ? 
Did he flee from the west or from the east, from Birmame or some 
region of Szechhian, or fiom a much greater distance? Some tradi- 
tions place him as coming from Shensi, but it would be imprudent for 
any one to think of solving the pioblem at this time It requires 
long and patient research on the conditions of this people^s existence, 
its lack of culture rendermg the study a very intricate one. It is 
Likewise very difficult to determine its racial origin The existing 
types present some vaiiations, some ethnic order, that indicate a very 
varied ancestry* There is an undoubted mixture even in the noble 
caste, the Os noirs, among whom you would search in yam to make 
out one well-defined race. 



THE PHYSIOLOGY OF SLEEP ^ 


By R Legendre 


Sleep IS one of the most necessaiy functions m oui' lives It occu- 
pies a third of oui existence It is therefore not at all strange that it 
should be a subject of deep study and research by numeious mvesti- 
gators; in fact, poets, philosopheis, psychologists, physicians, physiol- 
ogists, and others contemplate the subject and examine it from their 
several points of view 

To poets, according to their feehng at the moment, sleep is in turn 
distasteful or pleasing Wishing for action, they call it ^‘brother of 
death,” but more frequently, absorbed in reveries and dreams, they 
banish that thought, for sleep no more resembles death than does a 
smoothly flowing stream resemble the calm surface of a lake 

Day IS for evil doing, for weariness, and hate 

Night IS the well-beloved, she who bungs tranquilhty, repose, and 
dreams, and the poets invoke her, beggmg hei to stay 

Oil, venerable night, fiom whose depths piofound 
Through endless space peacefully flov 
Bioad silvery streams fiom countless woilds, 

And into man poms calm di\une 

* -p ^ 

All life IS mute, foi ’neath thy spieading wing 
It drmks of sleep at shade of eve, 

A milk deep and wondrous, that 
All lips imbibe in silence at th^^ dark breast 

Sully Prudhomme 

Sleep seems even as a god who, with forehead crowned with poppies 
and wrapped in dreams, slumbers m the depths of an obscui^e grotto, 
isolated by the river of forgetfulness 

To philosophers, also, sleep is a subject of deep thought It opens 
up, mdeed, two great problems First, one may ask what becomes of 
our consciousness during sleep, and the question is an important one 
when we agree with Descartes that thmking is proof of our existence 
Should we beheve that the mind acts continuously m our dreams? 

I Lecture delivered May 7, 1911, at the National Museum of Natural Histoiy, Pans Translated hy 
permission from Revue Scienttfiqne, Fails, forty-ninth year, June 17, 1911 
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Or IS our coiiaciousness discontinued ? If it be not continuous, how 
can we account for that deep feeling that we have of the unity and 
continuity of our personahty ? 

Moreover, how do we distinguish the dream from the reality ^ 
Descartes says 

How many times at night have I thought that I was in a certain roonij that I was 
clothed, that I was near the fireplace, although I was undressed and in my hed^ It 
la plain to me at this moment that it is not at all with sleepy eyes that I behold this 
paper, that this head that I nod is not at all drowsy, that it is with design and delib- 
erate piu-poae that I extend this hand and feel of it What happens to me in my sleep 
la not near so clear and distmct as this 

We certainly distmgmsh far more clearly the mcidents of our 
daily life than those of our dreams Yet, after all, who has not asked 
himself on wakmg up whether these thoughts weie visions or the ^ 
reahty ? And how can he be sure which is correct ? This explains the 
perplexity of Pascal when he says 

Who knows whether that othei part of life when we think we are awake is but 
another kmd of sleep, a trifle different from the first, to which we are aroused when 
we thmk we aie asleep? 

These two conceptions of a contmuous personalit}^ and of the leahty 
are subjects of psychological studies relative to sleep Not only do 
psychologists observe these m respect to themselves but their vari^ 
ations in othei persons And they have demonstrated some cimous 
phenomena Thqugh most men have a distmctive and strong person- 
ality, there aie those m whom personality is disorgamzed, and some 
have come to have two absolutely independent personaUties, as the 
hystencal individuals observed by MacNish, Azam, and others 
Though the majority of men clearly distmgmsh the genuine fiom 
dreams, it is equally true that some can not make this distmction and 
take their dreams for realities and reahties for dreams Disordeis of 
the personality and the perception of the reality are, however, patho- 
logical conditions and their study is altogether moie withm the 
domain of the physician than of the psychologist. The physician 
devotes himself to numerous problems pertammg to sleep Aiside 
from the hygiene of normal sleep which is withm his jurisdiction, he 
must also consider its disturbances, such as hysteria and various con- 
ditions more or less comparable to sleep, as hypnotism, lethargy, 
anesthesia, coma, sleeping sickness, and the hke 

Hysteria is an illness that most disturbs sleep Besides the con- 
ditions of disorganization of the personality and the loss of percep- 
tion of the reahty of which I have spoken, hysteria presents other 
disorders, either provoked, as m hypnotism, or mvoluntary, as in 
lethargy. A discussion of these phenomena would be very mterestr 
ing, but it would take too long a time 
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Unconsciousness caused by chloroform, ether, and other anesthetics 
bears only a distant relation to natural sleep It differs, among other 
things, in the unpossibility of exciting an awakening Coma differs 
stiU further, for it is Tery close to death, whde sleepmg sickness is 
comparable only m name, for it is caused by parasites and produces 
torpor only in its last stages Laying aside all these questions, the 
exposition of which would require several lectuies, I will talk to you 
of natural sleep alone, and of that only as a physiologist, for the 
physiologist also has his opmion to expiess upon the subject. 

Generally the physiologist hardly speaks of sleep, and though it 
takes up the third of our hves, it is far from occupying a third part 
of physiological boolcs A page or a few hnes is all we find about 
this subject even m the largest treatises It is not only studies and 
■ definite theoiies concerning sleep that are lacking among physiolo- 
gists, but piecise observations are rare because they are difficult 
How, m fact, can you experiment upon a bemg wrapped m slumber 
witjiout waking him? How can you produce genuine sleep, which 
is leaUy a voluntary act? How distmguish natural sleep from the 
state of torpor so often produced m experiments ? Though all these 
questions are not answered, yet the subject seems to me to be of 
enough mterest to warrant my showing you the actual conditions of 
this great problem Let us first of all try to understand what that 
IS which IS called sleep, though it is much easier to teU what it is not 
than what it really is It is certamly not hke a narcotic state, nor 
hypnotism, nor the lethargy which I just mentioned It is different 
from the changmg rhythms of certain plants, as the truffle, the sensi- 
tive plant, and it differs also from the hibernatmg sleep of the snad, 
the marmot, and many other a n imals But what is it exactly, and 
what do we Imow about it There are definitions enough by psychol- 
ogists as well as by physiologists, but none are satisfactory, and I 
beheve it would be better to at once descnbe the mechanism of sleep 
rather than tediously to hunt for its precise formula 

Let us then examine a man asleep, a man m preference to an animal, 
for to external observations we can add a description of what we feel 
in ourselves Contrary to what one would be inchned to beheve, we 
do not go to sleep because we are fatigued, for great fatigue may 
indeed provoke insomma, just as a long walk in the country will cause 
great exhaustion in a person who is not in training and often ren- 
der difficult the customary slumber We actually go to sleep 
either through habit or through a spmt of indifference to our sur- 
roundings Through habit, we go to bed every evenmg and sleep all 
night The sight of our bedroom, of our couch, the darkness, the 
silence, recall the habit, and mcite us to slumber But this is not 
merely a habit, for it vanes with each mdividuah One who goes to 
bed regularly at 10 o’clock becomes sleepy each evenmg at that hour, 
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while another who has no fixed time for retiring does not feel the need 
of it at any special hour. Some, again, can not sleep in dayhght, 
some heartily enjoy long moinmg naps, while otheis work by night 
and sleep through broad dayhght The best proof that a special time 
for sleep is merely a habit is that we can readily change the hours 
If I wish I can pass tins mght without sleep, and hkewise, if such be 
my desire, I can go to sleep as soon as this lecture is fimshed An 
experiment may oblige us to pass one or even two mghts without 
sleep, and without affecting the accuracy of our observations A 
physician is awakened for an urgent operation, he performs it without 
a mistake Who has not in mind the story of entombed miners look- 
ing for deliverance many days -without ceasing^ Not only can we 
sleep or stay awake at vull, but we can regulate the duiation of our 
slumber Most persons sleep eight hours daily, but we can sleep longer 
if we make it a habit, and much less if we need to do so Napoleon 
slept only three or four hours a day What better example of habit is 
theie than that of some children who can go to sleep only aftei\the 
mother's good-night kiss, and that of persons who can sleep only in a 
certain position ^ 

But our sleep is not always due to habit The sight of otheis asleep 
near by, a monotonous or even a vaned noise, have put us to sleep, 
■without our thmkmg of it So some persons fall asleep at their 
studies, at lectures, and even at the opera The process of digestion 
and fatigue certainly favor sleepiness, but its true cause is indifference 
To yawn, to doze, are signs of weanness They doze," says Bergson, 
^'m the exact proportion to their lack of interest in them surround- 
ings " 

However, one must not beheve that sleep is either merely a habit or 
an act of indifference alone for it is equivalent to a necessity, and we 
could not deprive ourselves of sleep without serious consequences 
An animal depnved of sleep dies after a few days, much sooner than if 
it were depnved of food We generally sleep longer and much 
sounder after prolonged wakefulness, when our attention has been 
most sustained Sleep refreshes, it revives If it is an instinct, a 
habit, it IS an excellent one, and we would not know how to do 
without it 

You know the signs that are forerunners of sleep The first is a 
sensation of pncking or tmgling of the eyes, which is explamed to 
httle children as the coming of the sandman Then we begm to 
gape, the head grows heavy, the limbs weary, the eyes close, atten- 
tion Yamshes, the head bends, and wc doze For a time we stiff are 
conscious of the things about us, but presently the sense of smell and 
of touch are gone, the hearing weakens With these last sensations 
are often mingled shapeless di earns, with httle intensilv, incoherent, 
then all ceases, our consciousness ns gone, we sleep. Sleep vanes in 
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duration, the newly bom slumber 18 to 20 houis a day, adults about 
8, and the aged only 5 or 6 hours It vanes also m mtenslty Some- 
times we can sleep “with chnched fists/’ and “a report of a cannon 
would not awaken us.” At other times the least noise wakes us up 
Then, certain noises disturb us more than others, and not always by 
their intensity, ]ust as a sleepmg mother is awakened by the shghtest 
movement of her sick child and does not hear other sounds much 
louder in the street. The soldier m his tent is not awakened by the 
noise of his comrades returning late, but the sound of the bugle wakes 
him instantly Clocks strike every hour of the night, but only the 
customary hour for rising awakens us A passenger on a steamer 
sleeping amid the whirr of the propeller may be awakened by the 
cessation of the sound, so with the imller sleepmg amid the clacking 
of the miU 

Sleep is not coiitmuous from beginnmg to end We have marked 
its mtenslty at different periods by observing the strength of irrita- 
tion necessary to awake the sleeper and we have noted that it becomes 
deeper and deeper up to the second horn, then gradually diminishes 
in mtenslty until the awakmg Walong up, hke gomg to sleep, is 
premeditated, spontaneous, or provoked. We awaken either because 
we have wished it, or have slept enough, or because of some excitmg 
cause Many persons can wake at any hour that they have pre- 
viously fixed upon, and some never make a mistake of more than a 
quarter of an hour In some cases the w^akmg up may be due to 
habit Sleep may cease the same hour each day because of a cus- 
tomary noise, as of the imgmg of a bell or the passmg of a vehicle, 
or at the dawn of day A peison may spontaneously end his sleep 
because he has slept enough, having passed the customary 8 hours 
in rest But the best-known causes of waking are external or inter- 
nal sensations. Hunger, thnst, cold, may awaken one Disor- 
dered respiration or cumulation, due to an uncomfortable position, 
produces wakefulness, often accompanied by mghtmare. The emo- 
tion caused by certam dreams breaks our slumber If I dream that 
I am going to be crushed or that I am drownmg or falling, I wake 
m agony befoie the dieam is ended An unusual noise, a sudden 
gleam of hght, hkewise awakens, besides other sensations that I will 
presently mention 

In wakmg up we repass more or less rapidly through the same 
conditions as in going to sleep Our consciousness gradually leturns, 
our eyes open, and we remain an instant half awake, all ready to go 
to sleep again if the cause of the wakmg should cease; but if it con- 
tmues, we take account of our condition, recover oon&ciousne=!s of 
our surroundings, recognize the time, the hght, sounds, and, com- 
pletely awake, with renewed knowledge of the real, we yield io our 
first judgment, recover our memory, and decide on our actions 
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Tins observation that anyone can make leads us now to exaroin© 
some of the definitions of normal sleep 

We may say with Barthez: Sleep is a function of the vital prin- 
ciple alternatmg with being awake/ ^ or, better, a vital function alter- 
nating with being awake With Sergueyeff, we recall that it is nec- 
essary and periodic, with Manac&ne, that it is the penod of repose 
of our consciousness, with Bergson, a reaction from indifference, 
with Claparede, that it is an instinct or a habit All these definitions 
are exact and their resemblance characterizes the phenomena clearly 
enough But if we would go further and know why we go to sleep, 
we must not only observe a man asleep, but more than that, we must 
analyze the action of vanous bodily functions during sleep 

Making experimental obseivations of sleep is pecuharly difficult 
There is great risk of disturbance merely tlmough one^s presence, by 
noise, or on account of apprehension or untation caused m the sleeper 
by the pressure of the mstruments restmg on him Although there 
are difficulties almost impossible to overcome, yet physiologists have 
succeeded on several occasions m makmg important experiments upon 
sleepmg men. 

First of all, certain obseivations require no mstiuments, such as 
measuring the number of respirations or the beatmg of the heart 
Then one can become accustomed to gomg to sleep whole holding an 
instrument which wJl register various movements produced durmg 
sleep. Sometimes you come across cases where, as the result of a 
fall or from a suigical operation, there is an openmg in the skull 
exposmg the brain By observmg such cases we can actually see 
what happens to the hidden organs durmg sleep All these methods 
of observmg have resulted m estabhshmg certain data that I will 
briefly review. 

Digestion goes on effectively durmg sleep The evenmg meal is 
digested durmg the mght The midday meal, especially when it is 
heavy, causes drowsmess m some persons The proof that digestion 
IS active m the mght is the fact that waste is generally accumulated 
in the mornmg. Furthermoie, m the case of persons who have died 
during the mght the autopsy shows that digestion is further advanced 
the longer the penod mterveniag between the last meal and death, 
from tins fact the probable time of death has been mdicated at 
coi oner^s mquests. The activity of the stomach mdicates the cause of 
the anssmia of the bram which mduces sleep To the hygiemst, 
digestion durmg sleep solves the problem of determinmg whether it is 
better to go to bed immediately after a repast or to wait several 
hours until digestion has commenced 

Excretory functions contmue durmg sleep. It is a well-known 
fact that perspiration is then active and that the bladder is full m 
the mommg The heat of the bed may be a partial cause of perspira- 
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tion, still, the perspiration is then pi of use, and Sanctoiius states that 
one peispires as much duimg 7 houis of sleep as m 14 houis when 
awake The ladneys aie active at night and the uimc m the mornmg 
IS generally denser than in the daytime According to M Bouchard^ 
who studied the effect of uimal poisons by mjectmg them mto am- 
mals, those foimed durmg sleep are convulsive and those formed when 
awake aie naicotic By their mixtiiie much of the poisonous effect 
is lost 

Respnation is modified durmg sleep It is easy to obseive this in 
the case of those who snore, although the cause of snormg is little 
known Generally the respiration is retarded durmg sleep, bemg 
deepei and more regular In order to study this carefully, Mosso 
applied to his chest a pneumograph, which indicated the respiratory 
movements durmg sleep as well as when awake, and he estahhshed 
the fact that the mspirations aie longer and the expirations shorter, 
the thoracic movements are gi eater than the abdommal ones, the 
rhythm is modified and fiom time to time the mspnations are replaced 
by distmct senes, by pauses, or by more feeble respirations Kespira- 
tory changes have been studied thoroughly by Fettenkofer and Voit, 
who used foi that purpose a chamber of 12 cubic meteis capacity 
made of sheet non, m which a man could lemam for several days, 
as the ventilation was legulated by two suction pumps The atmos- 
pheie was analyzed as it came fiom the loom and the amount of 
carbon /dioxide eliminated was found to be less durmg sleep St 
Martm, who made his experiments on a tuitledove, reached the same 
conclusion This dinunution of the amount of carbon dioxide exhaled 
may be due simply to cerebral lepose m the absence of any muscular 
action, or to other causes M Raphael Dubois has held the theoiy 
that the deci eased exhalation of carbon dioxide is m proportion to 
an accumulation of the gas in the blood, winch acts as an anesthetic 
up to a certam pomt, and then excites the centers of wakefulness 
T^o body temperature generally decreases durmg sleep. Mane de 
Manac6me has observed that it falls as low as 36 45^ C during the 
summer and to 36 05° C during winter, the lowest temperature 
occurrmg between midnight and 3 o'clock in the mormng. The 
temperature of the bram also diminishes equally, accoiding to observa- 
tions by Mosso, which will have our attention presently. 

The heart action is retarded during sleep Former investigators 
discovered this by observing the pulse, and more recently this has 
been confirmed by defimte experiments. Mosso, by the use of 
suitable mstruments, was able to register the pulse in the forearm, 
the leg, and the bram Francois Franck observed that the contrac* 
tions become weaker and the interval between heart beat and pulse 
beat IS greater than when awake, the arterial pressure diminishes, 
38734°-~sm 1911 38 
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to increase rapidly on awaking Brush and Fayerweatlier obseived a 
lowering of the pressure during the first five houis of sleep, followed 
by an increase up to the time of waking 
Externally you find at the approach of sleep, effects of a slackening 
of the circulation , sometimes the surface of the body becomes con- 
gested, indicating the need of a loosening of the clothing Mosso, then 
Francois Franck, measmed this expansion of the blood vessels near 
the surface, and Howell, then Lehmann, obseived that it increases 
until the second hour of sleep, then diminishes mitil awalang It 
has been possible to note the conditions of the circulation in the 
biam m subjects who have lost part of the skull, or on veiy young 
infants whose skull bones have not yet united The first to make 
this observation was Blumenbach in 1795 He had occasion to exam- 
me a young man 18 years old, who before the age of 5 had fallen - 
upon Ins forehead, sustaining a fi acture of the skull, causing loss of part 
of the bone Wlien Blumenbach saw it the wound was healed, but 
one could feel an opening underneath, this was depressed during 
sleep, dimimslnng when awake, and leplaced by a bump during a 
strain Blumenbach concluded fiom this that there is less blood in 
the brain during sleep Duiham made these obsei’^mtions on some 
animals that were trepanned and cliloioformed, and he noticed that 
the arteries as well as the vems were less swollen during sleep Ham- 
mond confirmed these conclusions, and even before Durham, he had 
watched a man whose biain was laid baie by a railioad accident, 
and he saw die pressure of the brain dimmish during sleep and rise 
up when the man awoke He found the same condition m young 
infants But the accuracy of these observations was doubted and 
was disputed by various writers, and it was only the registering 
experiments made by Mosso, Francois Franck, and Salath5 that 
settled the question Salathe held that the fontanels of young mf ants 
beat more strongly during sleep, mdicatmg a dimmution of pressure 
witliin the skull Fran^'ois Franck, in the case of am invalid stiicken 
with necrosis of the right parietal bone, observed the same move- 
ments of the brain and the same chmmution of piessure Mosso at 
last legistered in several cases where the brain was accessible the 
movements which take place during sleep, the pulse, regular and 
unifoim, was not so high as durmg wakefulness Furthermore, 
Brodmann has added to "these observations that the act of going to 
sleep IS characterized by a sudden increase m the volume of the 
bram, and waking up by a diminution in its size 
These statements concerning aneemia of the brain and expansion 
of the blood vessels of the extremities during sleep has led certam 
writers to seek here an explanation for sleep Five hundred years 
before Christ, Alcm^on of Orotone said Sleep comes from a flowing 
back of the blood mto the veins, and waking up is caused by its 
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retraction, if the blood letracts completely it means death More 
lecently many liaye likewise held that sleep is due to cerebral anaemia 
It is true others have piesehted a contrary hypothesis, namely, that 
sleep IS due to an mflux of blood to the brain, wlnle others still, dis- 
countenancmg these contradictory statements or basmg their opm- 
lons upon other experiments, have reached the conclusion, which 
seems to be the best, that neither sleep nor wakefulness depend upon 
cerebral circulation 

Sensibility is preserved durmg sleep, smce we can then hear, feel, 
and smell The working of the sense oigans seems, however, to be 
mochfied. The eyes are generally shut tight, the teais less abundant, 
and by this diminution of lachiymal secretion is explamed the piicking 
sensation which precedes the desue to sleep Undei the closed eyehds 
the eyes are diiected upward and diveige, accoidmg to certam 
writers, and the pupils aie contracted, being dilated agam ]ust at 
the moment of awaking The sensitiveness of other sense organs is 
diminished, but it is hard to tell whether this reduction is due to the 
organs themselves or to the quietmg of the nerve centers. 

The muscles are generally relaxed One may move very frequently 
while asleep, and we have read of persons sleeping on horseback or 
while walkmg, by which certain muscles aie necessarily contracted 
Gahen, who heard such a statement made not long smce, put no faith 
in it, but he was compelled to believe it when one mght that he was 
obliged to walk constantly he fell asleep, and while going the distance 
of a furlong was distracted by a dream The nerve centers also 
undergo modifications The reflex movements dependent upon them 
mcrease a little before sleep, dimmi&h, then disappear So the subject 
who falls asleep and is tickled by meiely touching the nose, hand, or 
foot responds less and less to these initations and reacts only to those 
that are made more and more intense 

The cells of the nerve centers of ammals killed while awake oi asleep 
have likewise been exammed to ascertain if the cells present any van** 
ations m appearance, and if the diflerence noted can be considered a 
lustological cause of sleep Stef anowska observed nothing in the case 
of sleeping mice, which was not astonishing, for in killing them they 
woke up But others have beheved they could discern somethmg, 
and Mathias Duval has explamed sleep as well as all other cerebral 
phenomena, by an ingemous hypothesis, which though without 
foundation has had the good fortune to rapidly become classic on 
account of its simphcity, and of which you have surely been informed. 
The nerve cells lengthen or contract and so permit or prevent com- 
munications between the centers, sleep would be simply due to their 
contraction 

Such are the physiological phenomena that have been observed 
when man is asleep. The simple observation of slumber has enabled 
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us to examine its definitions, and actual experiments permit a dis- 
cussion of tlie theories which aim to explain it 

What causes sleep Why do we sleep ^ An answei is difficult 
when we consider all the phenomena that we shall enumerate If 
you aim to he precise there is great risk of being either inexact or 
incomplete, and on the other hand if you wish to make your statement 
general it wih probably lack piecision 

I hope that what I have pointed out may indicate the difficulties 
involved in an explanation of this phenomenon To one who has 
observed and reflected but little, the explanation is very simple, for 
he easily imagines that such and such a cause induces sleep But 
when the observations are accumulated, since their exammation 
requires a caieful study of aU their phases, then the answer to the 
problem becomes difficult, and one is never certam of solving it, even - 
after long research. It is in this spirit that I would hke to have you 
hsten to the conclusion of tins lectuie The inconsistency existing 
between learned men sometimes brings a simle to the bps of those who 
do not understand all the difficulties of their work, but it is due only 
to their desire for the truth, to their tlnist for progress, and I beg of 
you to consider the theories that I am about to piopound to you with 
good wfll and sympathy 

Let us consider, then, the various explanations that have been 
given for sleep 

Some early writers thought that sleep depends on a flow of blood to 
the brain resultmg from a recumbent position, but we have seen that 
the brain contams less blood dunng sleep, and we know besides that a 
person can lie down foi a long time without sleepmg That theory, 
therefore, antedating the experiments, has no longer any interest 
other than one of curiosity Repeated observations on the deplace- 
ment of the blood pressure fiom the bram to the extiemities during 
sleep gave basis for the thought that sleep is due to cerebral anaemia 
The diminution of the quantity of blood in the biain produces sleep 
by vaiioiis mechanical actions If, then, the biam fads to receive 
enough nouiishment oi if the waste be not quickly enough removed, 
the cerebial cells wdl cease to woik either fiom anaemia oi from intoxi- 
cation But othei writeis have criticised these hypotheses Brod- 
mann, as we have said, observed an increase of blood pressure at the 
moment of gomg to sleep and, stdl furthei, he could not estabhsh the 
1 elation between the circulation in the biam and that of the extremi- 
ties which forms the basis of these mterpretations Vulpian and 
Brown-Sequard have alieady stated that the experiments which pro- 
duce either a great angemia oi a great lush of blood to the biain do not 
induce sleep And Richet adds to the words of these ciitics that the 
variations of pressuie due to wakmg up or to gomg to sleep , » ^ ^ 

less than those due to the position of the bead^ as shown b^ • - ■ . 
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Modifications of the blood and of the lymph have likewise been con- 
sidered as causes of sleep The blood, becoming more viscous and 
thicker, renders the worlang of the bram more difficult oi diies up the 
nerve cells Then, agam, the lymph mcreases by drawing water from 
the cells Devaux, who held this last hypothesis, justifies it by the 
observation that the eyelids and the skin of the face aie swollen after a 
heavy and prolonged sleep Unfortunately, experiment pioves that 
there is no relation whatever between the need of sleep and the condi- 
tion of the blood 

Besides these circulatoiy theories there aie others which explain 
sleep by neive-phenomena Sleep might be due to an interiuption 
of communication between the hemispheies of the bram and the rest 
of the nervous system Oi it could be caused by the interiuption of 
the contact of the neive cells, as we have already shown Unfoitu- 
nately, these theoiies lack expeiimental justification 

The idea of explaining sleep by inhibition, that is, by a function of 
arrest of the neive centers, has mislead many physiologists In its 
most complete form, as held by Foiel and Oskar Vogt, this theory 
could be explamed as follows Sleep is an inhibition produced by a 
cerebral ansemia consecutive to the excitation of the vaso-motor cen- 
ters by certam factors such as the sight of the bed, by the co min g of 
mght, etc , or by a feelmg of heaviness in the brain 

Agam, some writem have attributed sleep to the absence of external 
exciting causes, basing the theory on observations of mvahds under 
the control of general anesthesia who go to sleep as soon as their eyes 
are closed and their ears stopped Unfortunately, these patients aie 
m such a nervous condition that their sleep is not normal. And 
although silence and perfect quiet favor sleep, yet we have already 
seen that one can sleep in broad daylight m spite of noise. Clapaifede 
has made a keen and striking criticism of these circulatory or nervous 
hypotheses He says 

We will confine our remarks to the following First, the hypotheses mentioned are 
far from resting upon definite facts, many of them contradict one another, second, the 
supposed phenomena, were they real, might just as well be the results as the causes of 
sleep , and finally, tlie claim that these phenomena cause sleep, are the why and where- 
fore of its mechanism, lemains pioblematical Why that periodic ancemia or hyper- 
semia*? that letraction of the nerve cells? Why that lestramt, that unrespon- 

siveness to external stimulation? The hypotheses presented only help to put off the 
solution of the problem 

Tbeie aie also otbei theoues concerning sleep whicb explam it 
from a cbemical standpoint According to these, we sleep because we 
are tired and because our nervous system is exhausted, in order to 
recuperate our energy Durmg sleep, our bodies are like ' ' a clock that 
has stopped while the weights are raised again,” or ^^like an engine 
when the fires are out and the fiiemen are renewing them,” etc 
These chemical theories contam a great deal of truth, and, with 
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good leason, they have been geneially adopted In leality, these 
tbeones are of two lands Just as the engine stops, eithei I'lom 
lack of fuel or from an accumulation ol ashes, so the oiganism may 
plunge into sleep either because the mateiials necessaiy foi biam 
actmty aie exhausted, oi because the waste material, generally toxic, 
IS in too great a quantity 

Among the substances necessary to the workmg of the nerve cen- 
ters there are two whose values are now well known, oxygen and chro- 
matophile. The nerve centers in action consume considerable quan- 
tities of oxygen, and wo may therefore suppose that sleep is due to a 
lack of sufficient oxygon in the brain, and that it collects in reserve a 
supply of gas necessary for the coming awakenmg. This is the theory 
held by Sommer and Pfiuger, relying upon the researches on respi- 
ratory interchanges made by Pettenkoffer and Voit The other sub-' 
stance necessary to the buildmg up of the neive cells, which accumu- 
lates during sleep, disappearing after prolonged activity, is that which 
Nissl discovered in nearly all the nerve cells and which is named 
chroma tophile on account of its ability to give color easily We might 
therefore exjilam sleep by the deterioi ation of chromatophile That 
explanation was made by Daddi after having noted the disappeaiance 
of chromatophile durmg a case of prolonged insomnia 

But though the nerve centers contain substances mdispensable to 
their workmg, they also produce dunng their activity certam waste 
substances, just as the stove ready to be lighted is full of fuel, then 
when it IS lighted produces ashes that accumulate and dimmish the 
draft. Wliat is the ashes” of the neivous system “2 It is a product 
of disassimdation well known for a long time, it is that which leaves 
the lungs when oxygen enters, the chemical carbon dioxide, commonly 
called carhomc-acid gas M. Raphael Dubois has considered it the 
cause of sleep. To teU the truth, he studied only the hibernal sleep 
of the maimot, and he concluded that a sleep through an entire winter 
IS the same as daily sleep We may ask whether tins comparison is 
justifiable Furthermore, accordmg to M. Dubois, sleep is not a 
recuperation, we sleep because the carbon dioxide has accumulated 
in the blood, but, during sleep, the gas contmues to accumulate until 
it IS stiong enough to excite the nerve centers to wake up 

Besides the carbon dioxide, there are other less-known wastes from 
nerve action These wastes, which have been called '^fatigue toxms” 
(which generate sleep) and which Mohere would certamly have named 
^^domiitive virtues,” have also been considered as causes of sleep. 
Oberstemer tbmks that these toxins consist principally of lactic acid; 
Preyer boheves them easily oxidizable, Bmg claims that they act 
chiefiy in preventing oxidation, Errera and Bouchard beheve them 
more or less analogous to the leucomaines; Lahuson thmks that they 
are autointoxicatmg narcotics But these are merely ^ 
based on experiments as yet insufficient to prove their • • ^ \ 
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All tliesG chemical theories of exhaustion or of intoxication aie cei- 
tamly more impoitant than those we pieviously considered They 
are m accord with the obseivation puie and simple that fatigue gen- 
erally induces sleep and that sleep is a recuperator They render 
intelligible the aiternatmg between wakefulness and sleep They are 
also the best-known theories and the ones generally adopted Clapa- 
lede, however, who has examined these theories, objects to them as 
insufficient, and argues against them as follows* First, there is no 
parallehsm between exhaustion and sleep, one can sleep without being 
tired, great fatigue may disturb sleep Second, accordmg to the 
chemical theories, the alternation of wakmg and sleepmg might 
assume a type of periodicity with short phases Claparfede says 

Here is an individual who goes to sleep at midnight, at 10 minutes before midnight 
he was — de la Palice can not dispute it — still wide awake Why was he not asleep 
at 10 mmutes before midnight? Our physiologists say it was because the toxic waste 
products had not then become sufficiently concentiated But then why does not this 
same individual awaken at 10 mmutes oi quailer past midnight since, if sleep stops 
the accumulation of the toxic wastes without restiictmg then elimination, their rela- 
tive proportion in the system would then letmn to what it was at 10 mmutes before 
midnight, that is, to a proportion favorable to awaking 

Third, the toxic theory of sleep is antiphysiological, foi it is sm- 
gular that a process of intoxication severe enough to necessitate 
eight hours of sleep should be repeated daily without at last causing 
serious disorders Fmally, all the facts that have come under our 
obseivation m regard to sleep — voluntary or involimtary drowsmess, 
voluntaiy wakefulness, and the like — aie not explainable by a chemi- 
cal theory, no more than are other multiple forms of sleep, than the 
physiological phenomena that accompany it, nor the dreams An 
observation of Vaschide and Vurpas on the Siamese twins shows well 
the wealmess of the chemical theories of sleep , in fact, these twms, 
whose blood vessels communicate, often sleep or wake one after the 
other and one could sleep while the other suffered from msomma 

In a general way, all physiological theories of sleep fail to success- 
fully explain it, for none of them can take account of the psychological 
phenomena which accompany it We have seen that a person 
sleeps or stays awake voluntarily or from habit, a condition that is 
not withm the provmce of the physiologist either to study or to 
explam 

Clapar^de, who has so well obseiwed the impossibility of a phyBi- 
ological solution, alone has sought to explain it by a theory both 
psychological and physiological, which he has called the ^^biologicaF' 
theory of sleep This biological theory is most interestmg and ingen- 
ious It merits a place by itself and wdl hold our attention for a 
tune According to ClaparMe, sleep is not merely a passive, negative 
condition, a cessation of the organic functions On the contrary, it 
IS itself a function, a positive activity, having its own biological 
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significarLce One goes to sleep befoie the moment of complete 
exhaustion and in older to pi event it Sleep is n function for tho 
defense of the oiganism, and we have the desiie to sleep befoie foelmg 
an oveipoweimg need of it, just as we aie hungiy and thirsty before 
there is an impeiative necessity foi eating and diinlang, just as 
the swallow migiates before it is overcome by the cold, as a bird 
builds its nest befoie the time foi laying its eggs All these instmctive 
acts, all these instmcts, begin befoie there is an absolute necessity. 
This conception of sleep as an active mstinct precedmg exhaustion 
changes the question entirely. Sleep is no longer a categoiical 
positive necessity, but it becomes a veiy phablo, modifiable act 
Like all instincts, it is legulated by the law of momentary interest. 
We sleep if oui mteiest m sliunbei is the greatest at a given moment, 
but we could waid off sleep if some othei instmct should predommate. 
This pliability of instmct enables us to imdeistand tho vanations of 
sleep, the vaiious causes of drowsmess and awakmg. It enables us 
to undei stand di earns The theory of Clapar&de has therefore a 
great advantage over all the others, since it alone can be applied to 
aU the vailed forms of sleep Fuither, it does not c^cludo physio- 
logical theoiies, since it can accept them as stiinuh of the sleep 
instmct Inhibition, the fatigue-pioducmg substances, the sensa- 
tions of fatigue, and the hke, become the causes of the interest that 
we take, at a given moment, m going to sleep 

But Clapaiede^s theory reaches beyond the spheie of pure physi- 
ology mto that of psychology. Nevertheless, it offers a new field of 
activity for the physiologist, who, reheved from the anxiety of seaich- 
ing for a complete explanation for sleep, need no longei be deterred 
by the madequacy of his own theories, but may seek to complete and 
state precisely those parts of the biological theoiy of Clapaiede that 
pertains to his own pecubar spheie as a physiologist and aie not 
yet solved. Sleep is an instmct of defense, but defense against what ? 
This mstinct is brought into play by vaiious stimuh, but winch of 
these are physiological We shall not mquiie furthei as to why we 
sleep, nor as to what it is that makes us sleep, but ask vfhat does 
sleep piotect against^ What is it that gives us a desire to sleeps 

My friend Pieron, lecturer at PEcole des Hautes-£)tudes, has 
asked himself these questions, and has wished very much that I 
would help him to answer them For six years we have been making 
numerous experiments to try to solve the problem, and it is the 
actual lesult of our researches that I would hke to explain to you 
in concluding this lecture 

Sleep is an instinct that obeys a law of momentary interest, and 
there is very little hope of finding a physiological cause for its being 
brought into play. This explains why the physiologicaFphenomena 
which accompany sleep are often not constant, why we can not 
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considei thoni as the causes of sleep, and, m fact, they appear very 
often to be the consequences lather than the causes 

But sleep is an mstmct of defense, of protection. Against what 
does it protect ^ Will not the suppression of sleep, insomnia, show 
us the leason foi that mstmct, by exaggeiatmg its causes, may we 
not the better see what belongs to the domain of physiology? We 
have been led to keep animals awake so as to study what happens 
to them undei these conditions The fiist difficulty was to prolong 
wakefulness with the least fatigue, m fact, the effects of fatigue 
might hide or disturb the veiy conditions that we may ivish to study 
Various experiments with severe and piolonged woik, such as observa- 
tions of deer diiven at the course, have enabled us to distmguish the 
effects of fatigue from those of msomnia, and we have succeeded m 
preventing some dogs fiom sleepmg wlnle tiimg them as hi tie as 
possible 

Even under these conditions piolonged loss of sleep is always veiy 
seiioub, and after about 10 days the ammals have generally reached 
the limit of lesistance Durmg the entne peiiod of this wakefulness 
the need of sleep becomes more and moie imperative, and one can 
see among the seenung physiological factors of sleep those which tend 
to increase it and effect the need of sleep and those which do not dis- 
tuib sleep and consequently can not be considered as its causes The 
tempeiature of the body remains normal, the lespiiation undergoes 
no variation, and the amount of caibon dioxide m the blood does not 
mcrease, which enables us to exclude the theories of the impoverish- 
ment of the blood in oxygen and its enrichment m caibon dioxide as 
actual causes of sleep Neithei the blood nor the brain lose then 
poition of water, and this fact combats the theories that explam sleep 
by dehydration Toward the tenth day the animal can no longer 
keep its eyes open, its paws are continually bending, it has lost all 
sensonal activity and only the strongest kind of stimulation will 
induce reaction. At this moment the hi am shows cellular disturb- 
ance, localized exclusively in the fiontal lobe, such as could not have 
been brought on by other means, and which, therefore, seem to be 
characteiistic of insomma If such an animal is left to sleep at will, 
he plunges into a deep sleep from which he awakens completely 
refreshed, normal, and the alterations in the bram have then disap- 
peaied 

Prolonged wakefulness, therefore, is thus shown to brmg on an 
imperative need of sleep and some cellular modifications in the frontal 
lobe of the bram To what are these phenomena due? Is it to 
exhaustion or to intoxication'^ We are thus bi ought back to reex- 
amine some of the chemical thoenes for which we sought to find an 
experimental basis 
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If the need of sleep is due to an accumulation of toxic waste pio- 
ducts in the organism, one ought to be able, by injecting these sub- 
stances into a normal ammal, to commumcate the necessity for sleep. 
Oui first experiments in that direction were unsuccessful By 
injecting into a vein of a normal dog some blood or serum taken from 
a dog exhausted by loss of sleep, we had no very definite lesults, 
although in some cases we bi ought on some modifications of the cells 
of the frontal lobe, and by injecting these same substances directly 
into the brain we weie no more successful Could it, therefore, be 
concluded that wakefulness is not accompanied by the accumulation 
of toxic substances, and is caused only by the impovenshment of the 
nerve cells ^ This conclusion was possible, but it might equally be 
the case that the blood of the normal ammal destroyed the substances 
injected m small doses, or that their quantity was too small To 
remove this last doubt we made oui injections by another method. 
Theie exists, in the inteiioi and around the nerve centers, a liquid 
called the cerebio-spmal fluid, which completely envelops them 
You can get this fluid eithei at the lower end of the spine, and is there 
reached by lumbai puncluio, and in spinal anesthesia, or between the 
occipital bone and the fust veitcbia, at the level of the louith ven- 
tricle of the brain, and it is there that we operated To be suie, the 
operation is a dehcate one, but it can be performed with a little 
practice By obseiving certain necessary precautions, such as avoid- 
mg compression, one can without danger or tiouble make injections 
at that level. The serum, or, better yet, the cerebio-spinal fluid, of an 
ammal exhausted hy loss of sleep, if injected undei these conditions 
into a normal animal, pioduces m the lattei in about half an hour an 
imperative need of sleep The animal so injected is benumbed little 
by httle, its eyehds bhnk, its limbs relax, its* eyes close, it loses all 
attention, and it responds but feebly to strong stimulation Its biain 
presents the chaiactenstic lesions of insomma The injections, under 
the same conditions, of liquids from a noimal ammal have no efltect 
at all You, therefore, may conclude from these experiments that it 
is possible to transmit the absolute need of sleep fiom an exhausted 
ammal to a noimal one, and also that the liqmds of exhausted ammals 
have a property or contain a substance capable of producing sleep. 
If it IS mdeed a substance, do you ask me what it is ^ I can not yet 
tell you It IS that veiy research which is at the present moment 
occupying our attention. 

This lapid review of the question of sleep wiU have shown you that 
it IS a most complex problem I would wish that it would likewise 
give you the impression that although physiology alone can not 
dream of solving the problem, it can at least offer a profitable contri- 
bution, and that its share, when it is contented with facts, is not less 
than the contributions of other sciences that are busy with the same 
problem. 
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It IS 111 accord \ntli the spiiit of tins congress to consider pnbkc 
health questions either from the point of view of things already 
accomphshed by the apphcation of the scientific method oi fiom that 
of thmgs to be done I have chosen to speak especially of the saving 
of waste and increase of efliciency^^ stiU to be expected when pnbhc 
health problems are approached in a scientific spirit 

It IS well recognized to-day by many experts that while some of the 
ordinary activities of municipal health departments are of unquestion- 
able value in conseivmg the health of a community, others aie rela- 
tively ineffective or possibly worthless One well-lmown writer ^ has 
thus expressed himself on this pomt 

I boldly asseit that if eveiy case of communicable disease weie promptly reported to 
the pioper local boaid of health and as promptly placed under effective samtaiy con- 
tiol and so kept until danger of infection had passed, all the othei present-day activities 
of boards of health, whether local, State, or national, with the exception of those 
directed against certain causes of mf int mortality and the possible further exception 
of some food and diug inspection, might be dropped with no appreciable effect upon 
the grneial health oi mortality of any of our Stales oi most of our cities 

In all fairness it must be admitted that a part of the energy of 
ahnost every municipal health department m this country is devoted 
to combatmg imaginary dangers or apphed to tasks that have only a 
remote bearmg on the pubhc health 

This condition, as a rule, is not due to ignorance on the part of 
health officials, but to the pressure of pubhc opmion Such pi assure 
IS often exeited directly through legal ordmances passed by unm- 
loimed legislative bodies, but sometimes also through agitation by 
mistaken enthusiasts or thiough other channels of pubhc opinion 


1 Paper presented before tbe Congress of Technology, Boston, Api 10, 1911, to commeinorate thefijftieth. 
anniversary of the granting of the charter to the Massachusetts Institute of Technology Printed in 
Science, June 2, 1911 Beprmted by permission 

^ M N Baker, chaliTaan committee on municipal health and sanitation, National Municipal League 
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Back of tile whole situation is the existence in the pubhc mind of 
wrong or antiquated conceptions of disease and the causes of disease 
It was unfortunate in many respects for the cause of public health 
that much of the popular interest in health matteis was evoked before 
the germ theory of disease and its corollaries became fully developed 
As the result of prematuie generahzation the pubhc has waimly 
espoused a number of wrong conceptions of disease and of ways of 
preventmg disease To be specific^ two instances of this confusion are 
found in the demand for garbage disposal and plumbing inspection 
Sanitarians do not admit that even a grossly improper method of 
garbage disposal can have much to do with the spread of disease in a 
sewered city or that diphtheria or typhoid fever, or any other disease, 
is properly attributable to the entrance of sewer air into dwelhng 
houses So fiimly embedded in pubhc behef, however,. is the connec- 
tion of piles of decaying garbage with outbreaks of mfectious disease 
and of defective plumbing mth aU sorts of maladies that to the aver- 
age citizen garbage disposal and plumbing mspection bulk large as the 
chief if not the only activities of a municipal health depaitment 
In the hght of our present knowledge we may well ask what aie the 
actual dangeis to health from these two somces^ It is now weU 
known to bacteriologists that disease germs do not breed in garbage 
heaps, but that, on the contrary, if added from outside, they speedily 
die off The offensive odoia of decomposition may be unpleasant 
and undesirable; there is no evidence that they pioduce disease or 
dispose to disease On the other hand, it may be argued that the 
existence of heaps of decomposing oigamc matter tends to mamtam 
or create general habits of uncleanliness, which themselves are detri- 
mental m a roundabout way to the health of a community And 
again it is known that the house fly may bleed in garbage piles, par- 
ticularly if hoise manure is present, and that under certam conditions 
this noxious msect may become the bearer of disease germs to food 
But when the worst is said it must be admitted that the known danger 
to health from garbage piles and dumps is lelatively insignificant 
compared with the danger fiom other well-kno\sm but less populaily 
feared som'ces Disease does not ongmate in garbage piles, however 
offensive they may be The house fly, howevei disgustmg and annoy- 
ing its habits, suffers from no disease transmissible to man, and does 
not convey disease unless it has access to material m winch disease 
geims are present. The truth is that garbage disposal m large cities 
IS more a matter of municipal housekeeping than of pubhc health 
Proper methods of garbage collection and destruction must be urged 
rather from economic and esthetic considerations than on hygienic 
grounds There are of course certam features in the handling of 
refuse and waste that need hygienic control just as there aie m street 
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cleaning, but the problem is essentially not one of public health At 
present in some cities the department of health is burdened with the 
task of caring for the city waste, and its success or failure as a con- 
servator of the pubhc health is too often measured by the frequency 
with which coal ashes are scattered in alleys or the length of time that 
decaying vegetable matter remains in tin cans in hot weather In 
some cases the laiger part of the annual health department appro- 
priation must be expended foi garbage collection and disposal, leavmg 
only a pitifully small residue foi other needs To mention a single 
mstance, the collection and conservation of garbage and ashes cost the 
Mmneapohs health department in 1909 about $57,000, leaving 
approximately 143,000 for all the other activities of a health depart- 
ment servmg a city of over 300,000 inhabitants 

One thing should be cleaily understood by municipal authorities 
and by the general public, that regulai collection and cleanly hand- 
hng of ashes and table sciaps is not one of the suiest and most profit- 
able ways of protecting health and preventing disease Efficient 
administration of tins branch of public woik should not be allowed 
to t^ke the place of measures that directly affect the pubhc health ^ 
Few dangers to health have loomed laigei m the pubhc eye than 
that from sewer gas Elaborate and amazingly expensive systems 
of plumbmg are reqim^ed by law to be mstallcd in every newly 
erected dweUmg house m our large Ameiican cities Plumbmg 
inspection to-day occupies a large part of the woikmg force of many 
municipal health departments In Baltimore m 1908, to cite a 
smgle mstance, this work was earned out by one inspector of plumb- 
mg, seven assistant inspectors of plumbmg, and one drain inspector, 
at a totahsalary cost of $8,250, or about one-tenth of the total salary 
appropriation for all pubhe-health woik And yet, if aU the most 
recent and searchmg mvestigations, such as those of Wmslow and 
othem aie to be believed, the actual peril to health mvolved m the 
entiance of small quantities of sewer air mto houses is so small as to 
be practically neghgible It may be questioned whether plumbmg 
inspection, as ordinarily conducted, can be shown to save a smgle 
life or prevent a smgle case of disease. There is certamly no reason 
to suppose that any mfectious disease is due to germs carried m 
sewer air. It nuglit leasonably be maintamed that shghtly leaky 
gas fixtures are a much more seiious menace to the health of house 
dweUeis than defective plumbmg At all events, our present knowl- 
edge affords small justification for the expenditure of pubhc money 
to insure that the odor of peppermmt does not enter our houses 
when oil of peppermmt is designedly introduced into the house 

1 Anyone who fancies that to depreciate garbage disposal as a health measure is flogging a dead horse 
will be disabused of this impression if he has experience with the heginning ’ 1 

learns how often public attention is diverted from significant issues like 
and contact, by appeals to the prejudice against slovenly ways of handlmg harmless housdiold refuse 
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drams It may be worth while for the housebuilder to satisfy hin> 
self of the charactei of the plurabmg, as of the charactei of the mortal, 
but compulsory mspection by pubhc officials is hardly warranted 
on the ground of a high degiee of demonstrated danger to the public 
health It is certam, too, that the enforced installation of immensely 
compheated and elaborate piping and trappmg systems simply adds 
to the cost of building without any compensatmg hygienic advan- 
tages The plumbmg ordmances of our iaige cities often contam 
inconsistencies and contradictions, what is requued in one city 
being sometimes foibidden in another A levision and simplifica- 
tion of municipal plumbmg legulations, a mimmizmg of official 
inspection, and especially an education of the public to the fact that 
diphtheria, typhoid fcvei, and scailet fevei have never been defimtely 
traced to sewer an or bad plumbmg are lefoim measures that might - 
release a considerable sum of pubhc money foi use in really profitable 
Imes of sanitary endeavor 

In the matter of heating and ventilation enormous sums have 
been spent and are being spent to lenew the air m rooms and 
pubhc assembly halls and to introduce puie an m what has been 
assumed to bo necessaiy amounts And yet if the woik of Beu,^ 
Heymann, Paul, Eiclentz, Flugge,^ Leonaid Hill, and others means 
anythmg, it demonstrates that the whole efiect from bad air and 
crowded looms is due to heat and moisture and not to carbon dioxide 
or to any poisonous excretions m expired an Wlien all the eflects 
of crowd poison upon a group of mchviduals m an experimentally 
sealed chamber can be ehmmated by rapidly wlurhiig electiic fans, 
it is useless any longer to look uj)on carbon dioxide as a measure of 
danger. If we recognize that all the discomfort from breathmg air 
m a confined space is due to a disturbance of the thermal relations 
of the body, the problem of ventilation becomes veiy different from 
what has usually been supposed In temperate climates, at all 
events, it ought to be much simpler to piovide foi proper heat regula- 
tion of the body than to waim a large volume of outside air and 
introduce it mto a buildmg contmuously or at stated mteivals It 
may well be asked whether the elaborate legal legulations govermng 
the supply of air and the cubic feet of bedroom space have a real 
basis m scientfic knowledge If overheatmg, moisture content, and 
stagnation of the air are the chief tilings to be avoided, may this 
end not be reached moie effectively and less expensively than by 
present methods ? 

One conspicuous function at present required of or voluntamly 
exercised by health departments is the practice of terrmnal disinfec- 
tion after cases of infectious disease This has come to play a large 


I Zeitschr Hyg,, 1893, vol 14, p 64, 


8 Zeitsolir Hyg , 1905, vol 49, p 363 
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pait m municipal health activities and is lesponsible foi an important 
share of the expense In Boston, for example, m 1909 about one- 
tenth of the annual appropriation was expended for disinfection. 
One of the most experienced New England city health officers has 
lecently seriously questioned the value of such an expenditure^ 
After a study of the ratios of recurrences m cortam diseases he con- 
cludes that, ^^both theory and facts, so far as any data are available, 
mchcate that termmal disinfection after diphtheria and scailet fever 
IS of no appreciable value This view has met with stiong support 
from the experience of a number of Enghsh health officials, even if it 
can not be regarded as conclusively pioved Every one now Imows 
that the large sums of money spent in measures of disinfection 
directed against yellow fever gave little return in added safety We 
-can haidly take for granted that any process of combating disease 
is effectual simply because it is customary oi tiaditional It is 
evident that the whole question of disinfection needs to be studied 
afresh with a view to actual efficacy It is not a subject for labora- 
tory experimentation alone, but must be investigated as a problem 
of practical public-health adrmmstration 

Other instances of the application of energy and money to measures 
apparently of shght or doubtful value might be cited, but those 
already given aie fairly typical The question that should be asked 
m every case is not whether a paiticular measuie is entirely devoid 
of value, but whether it is the most effective way of utdizmg available 
lesources As matters now stand, there are a number of unques- 
tionably valuable measures that can not be prosecuted with sufficient 
vigor because of the enforced diversion of funds mto other and less- 
profitable channels 

Efficacious measures may sometmies be distmguished from the 
fruitless 01 relatively unprofitable by their duect and unmistakable 
outcome in the saving of hfe and the prevention of disease A few 
illustrations may be noted 

The importance of control and supervision of the sources of pubhc 
water supply has long been recognized, but the nnportance of con- 
trollmg the quahty of the pubhc milk supply, although frequently 
uiged by sanitaiians, is not always appieciated. At the piesent 
time m the great majority of American cities it is safe to say that for 
every case of mfectious disease due to drmkmg-water ten cases aie 
caused* by mfected milk It is difficult to secuie adequate funds for 
the samtary control of the milk supply By sanitary control of milk 
IS meant not the upholdmg of a rigorous standard of butter fat and 
total sohds, but the mamtenance of proper standards of cleanlmess 
and health for dairy cows and especially the safeguardmg the milk 


1 Cliapiii, Jour Amer Public Health Assoc , 1911, vol 1, p 32 



608 ANNUAL EEPOET SMITHSONIAN INSTITUTION, 1911 . 


from infection during collection and transportation Under some 
conditions the protection of the consumer against milk-borne mfec- 
tion may be best brought about by compulsory pasteurization of that 
portion of the milk supply which can not otherwise be raised to proper 
standard Whatever method of control be adopted, it is certam 
that any genuine improvement in the character of a milk supply 
will be followed m the long run by a lessening m the amount of 
typhoid fevei, diphtheria, scarlet fever, and to some extent tuber- 
culosis The early detection of a smgle case of typhoid fever or 
scarlet fever on a dauy farm may be the means not only of preventing 
an extensive epidemic, but of avoichng the formation of scores of new 
foci which can m turn serve to light up subsequent cases foi many 
years Proper pasteurization of nulk has been followed m many 
cities, as m Glasgow, Liverpool, and London, by an immediate and . 
material reduction m the amount of typhoid fever In other words, 
the connection between an expenditure of pubhc money and a direct 
return in prevention of disease can be more clearly demonstrated 
in the case of milk-supply control than m some other of the usual 
mumcipal health department activities 
The question whether the quality of a city milk supply can be more 
favorably influenced by mspection and supeivision at the source, or 
by generally enforced and controlled pasteurization is one upon 
which there is still some difteience of opinion among expeiis There 
IS httle doubt, however, that simply as a matter of economy of 
admimstration much is to be said at present m favor of centralized 
pasteurization of a large portion of the supply Viewed as a method 
for preventing a large number of cases of infectious disease at rela- 
tively small expenditure the pasteunzation of milk certainly ranks 
high among effective health measuies 

One of the important bactenological advances of the last few years 
has been the discovery that a considerable number of healthy persons, 
convalescents, or others, harbor disease germs and that these persons 
are important agents m spreadmg disease The detection and 
proper treatment of disease-germ carriers, particularly m the more 
senous diseases and before or m the early stages of an epidemic, is 
now recognized as an important although difficult task. The whole 
question of the control of germ earners is one that needs more careful 
study with a view to determmmg the actual results of the methods 
adopted From this point of view, mspection of school children, 
especially at the beginnmg of the school year, is probably to be 
classed as a higlily profitable activity, although it is to be wished 
that fuller and better-studied statistics were available. 

Inspection of school children is highly valuable, also, in dotcclmg 
vaiiou'^ common congemt£d or acquued defects. If the defects are 
remediable, thou early discovery may avoid development mto per- 
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manently crippling disoiders In otliei cases the application of simple 
corrective or palliative measures may greatly increase tlie indnstiial 
efl&ciency of the individual. If the defects aie not remediable, 
their detection will at all events prevent the choice of unsuitable 
occupations, and will indicate desirable lines of education 

In rural communities, undoubtedly one of the simplest, as well as 
most important, health protective measuies is the adoption, under 
compulsion if need be, of a safeguarded and standaidzzed foim of 
ba^rrel privy ^ A coiollary hardly necessaiy to mention is the total 
abolition of the pnvy m all thickly settled towns For lack of such 
regulations soil pollution occurs, the house fly finds an opportunity 
to transfer disease germs from excreta to food, and typhoid lever and 
hookworm disease become constant plagues over wide regions 

In the campaign agamst tuberculosis it is perhaps too eaily to 
evaluate the numerous methods that have been proposed for les&enmg 
or eradicatmg this disease, but it is already evident that some are more 
directly repaying than otheis m proportion to the effort involved 
Among the methods for which pubho funds are legitimately available 
none is more promismg than the provision of sanatoria for advanced 
cases of consumption Newsholme and Koch have shown that the 
geneial dumnution m the death late fiom tuberculosis observed m 
most countries in recent years can be moie reasonably attributed to 
the estabhshment of sanatoiia than to any other factor, and that m 
addition to its humanitarian advantages, the segregation and pioper 
control of the advanced and dangeiously infective cases is one of the 
most useful methods that can be employed by the commumty to 
protect itself agamst the spread of tubeiculous mfection 

Anothei field in winch practical workers are convinced that certain 
measures have direct efficacy m savmg life is that of mfant mortality. 
It has even been said that for the expenditure of a certam sum the 
saving of a hfe can be guaranteed' Certam it is that m few public 
health activities is the ratio between effort expended and results 
obtamed so clearly seen No one doubts to-day that prompt notifica- 
tion of births, education of the mother thiough any one of a number 
of agencies, and special provision for suitable feedmg of mfants 
durmg hot weather aie factors tliat aie bound to tell powerfully m the 
reduction of mfant mortahty It may confidently be asserted that 
the degiee of success achieved m this field will be limited only by the 
amount of endeavor the commumty is wdling to put forth 

It IS impossible at present to apply dnect tests of efficiency to some 
measures that undoubtedly promote health The influence of 
playgrounds, pubhc baths, regiilation of the hours of labor m extra- 

1 See PuHic Health Beports for 1910, puhlished hy the Puhlie Health and Marine-Hospilal Service 
aitiolea by Stiles and Gardner, and Lumsden, Roberts and Stiles 

38734 '’— SM 1911 39 
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arduous industries and the like is real, if it can not be accurately 
determined or estimated Certain activities of a health department 
may be worth contmumg for their educational value, although their 
direct utdity may be questioned. Many topics need investigation 
m order to discover their real bearing upon the public health. 
Among these are such matters as the effect of a smoky atmosphere, 
the alleged nervous stram due to city noi&e, and numeious important 
questions m the domain of food adulteration and contammation. 
Premature and drastic action by health authorities m matters con- 
cerning which there is profound disagieemeiit among experts may 
cast discredit on other lines of activity in winch there is and can be 
no difference of opinion 

For the piesent it seems worth wlnle to emphasize more sharply 
than heietofore the distmction between pubhc health measures of^ 
proved value and those that owe their existence to tradition or to 
misdirected and unmformed enthusiasm Further study of the 
results ob tamed by certam of the usual and conventional health 
department activities is also much needed, and as a prehmmary to 
such study the propel collection and handling of vital statistics is 
essential It is poor management and unscientific procedure to 
contmue to woik blindly m matters pertaining to the public health, 
to employ measures of whose real efficiency we aie ignoiant, and 
even to refram from coUectmg facts that might tlirow hght upon their 
efficiency 



FACTORY SANITATION AND EFFICIENCY ^ 


By C -E A Winslow “ 


It may faiily be maintained that m most mdiistnes tbe laigest 
element invested is wliat may be called life capital For example, 
m the cotton mdustiy m 1905 theie was invested a capital of $613,- 
000,000, while the pay roll amounted to $96,000,000 a year Capi- 
tahzed at 5 per cent, this pay loll would coriespond to an investment 
of $1,920,000,000 111 the form of the hands and biains of the workeis 
The calculation is peihaps a fanciful one, but it dlustiatcs the fun- 
damental fact that the human element in industiy is of large practi- 
cal importance Paiticularly in regions like New England, where 
there is no wealth of natuial resources, piospenty depends on a skilled 
and intelhgent opeiative class Such a class Massachusetts has had 
m the past and the present interest in industiial education testifies 
to the conviction that the efficiency of the opeiative must be im- 
proved to the highest possible degiee 

Once the opeiative is trained and at woik it is geneially assumed 
that the lesults obtained will depend only on his mtiinsic qualities 
of intelhgence and skill The effect of the enviionment upon him is 
commonly ignoied, but its piactical impoitance is very great In 
industries wheie it has been shown that the machine which makes a 
given fabric lequues cettam conditions of temperatiue and moistuie 
for its successful operation these conditions aie maintained with 
exemplaiy care In eveiy factory, howevei, there is another type 
of machine, the living machme, which is extiaoidmaiily responsive 
to shght changes m the conditions which siiriound it These con- 
ditions, in this 1 elation, we habitually neglect 

I am not dealing now with the sociological and humamtanan aspects 
of the case I am quite frankly and coldly, for the moment, ti eating 
the operative as a factor in pioduction whose efficiency should be 
raised to the highest pitch, foi his ovm sake, for that of his employer 
and for the welfaie of the community at laige 
The intimate i elation between the conditions which sui round the 
hving machine and its efficiency is mattei of common experience with 

1 Reprinted by permission from Technology and Edlciency Proceedings of tlie Congress of Technology 
at Boston Apr 10, 1911 pp 442-448 Copyright 1011, by McGraw-Hill Book Co 

2 Associate professor of biology, College of the City of New York, and curator of public health, Araexican 
Museum of Natural History, New York-City 

mi 
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US all Conti ast youi feelings and your effectiveness on a close, hot, 
muggy day in August and on a cool, busk, bright October mormng 
Many a factoiy operative is kept at the August level by an August 
atmosphere all thiough the wintei months He works listlessly, he 
hall accomplishes his task, he breaks and wastes the propeity and 
the material entiusted to his caie If he works by the day the loss 
to the employei is direct, if ho woiks by the piece the burden of 
interest on extia machinery has ]ust as txuly to be borne At the 
close of the day the operative passes from an overcrowded, over- 
heated worlaoom into the chill night an His vitahty loweied by the 
atmospheie in which he has lived, he falls a pi ay to minoi illnoss, cold 
and grip, and the disturbing effect of absences is added to inefficiency 
Back of it all lurks tuberculosis, the gieat social and industrial dis- 
ease which lays its heavy death tax upon the whole community after " 
the industry has borne its more direct penalty of subnormal vitality 
and actual illness 

The lenaedy foi all this is not simply ventilation m the ordmary 
sense in which we have come to understand the term Mr, R W 
Gilbert, of the Massachusetts Institute ot Technology, begms a sug- 
gestive paper on ‘‘The economics of lactoiy ventilation,’’ in the Engi- 
neermg Magazine foi December last, as follows 

Webster’s definition of the woid ventilation is “to air” or “to replace foul air by 
fresh ” In actual piactice, howevei, ventilation should mean more than this 
It should mean the conditioning of the an of any inclosed space to the best require- 
ments of the occupants of that space 

Conditioning of the an so that the human machine may work 
under the most favorable conditions — this is one of the chief elements 
of industrial efficiency, as it is of mdmdual health and happmess 

The chief factors in air conditiomng for the living machine, the 
factors which m most cases far outweigh all otheis put togethei, are 
the temperatuie and humidity of the an In many a plant aftei 
spending money foi an elaborate system of ventilation, the air has 
been kept too hot oi too dry or too moist, and the effect on comfort 
and efficiency has been worse than ml It is a curious instance of the 
way m which we neglect the obvious piactical things and attend to 
1 emote and tlieoietical ones, that foi yearn more attention has been 
bestowed on the testing of air for carbon dioxide, which was supposed 
to mdicate some mysterious danger, than on the actual concrete effect 
of overlieatmg Yet heat, and particularly heat combined with 
excessive humidity, is the one condition in air that has been proved 
beyond a doubt to be universally a cause of discomfort, mefficiency, 
and disease Flugge and his pupils in Germany and Haldane in 
England ^ have shown that when the temperature uses to 80° with 
moderate humidity or much above 70° with h]gh humiditv, depres- 

— — -JL,..., 

1 TM literature on tliJs subject is summarized with references to orlgmal sources by T R, Crowder 

m A study of the ventilation of sleeping cars/' Archives of internal Medicine, vol 7, p 85 
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sion, headache, dizziness, and the otlioi symptnius ashociated with 
badly ventilated looms begin to manifest themselves At 7S^ with 
saturated air Haldane found that tho tcmpeiatiue of the body itself 
began to rise The wonderful beat-iegulatmg inechomscn winch 
enables us to adjust oui'selves to oui cnviionment had bioken down 
and an actual state of fever had set in Oveiheatmg and excess of 
moistuie IS the very worst condition existing m the atmospheie and 
the veiy commonest 

The importance of the chemical impuiitics in tho an has dwindled 
rapidly with the mvestigations of recent yeais The common index 
of vitiation, due either to human beings oi to lighting and heatnig 
apphances, is carbon dioxide, but caibon dioxide in itself has no 
harmful effects in tenfold the concentration it ever i caches lu oidi- 
' nary factory air Nor is theie any i eduction of oxygen winch 
has any physiological significance In the Black Hole of Calcutta 
and below the battened-down hatches of the sluf) Londonderry there 
was actual suffocation due to oxygen staivation, but tins can nevei 
occur undei normal conditions of habitation It was long beheved 
that the carbon dioxide was an index of some subtle and mysteiious 
''crowd poison’^ or "morbific mattei ” All attempts to piove the 
existence of such poisons have mcontmently failed Theie are veiy 
peiceptible odors in an ill- ventilated room, due to decomposmg 
orgamc matter on the bodies, m the mouths, and on the clothes of the 
occupants These odors may exert an unfavorable psychical effect 
upon the sensitively orgamzed, but as a rule they are not noticed by 
those in the room, but only by those who enter it fiom a fieshei atmos- 
pheie Caieful laboiatory experiments have quite failed to demon- 
strate any unfavoiable effects fiom lehieathed au if the siuioundmg 
temperature is kept at a propei level In exliaustive experiments by 
Benedict and Milner (Bulletm 136, OflBice of Experiment Stations, 
U S Department of Agiiculture), 17 different subjects weie kept for 
periods vaiymg from 2 hours to 13 days in a small chambei with a 
capacity of 189 cubic feet in which the an was changed only slowly 
while the temperature was kept doWn fiom outside The amount 
of carbon dioxide was usually oyer 35 parts (or eight to mne times 
the normal), and duiing the day when the subject was active it was 
over 100 parts, and at one time it reached 240 parts. Yet theie was 
no perceptible injurious effect 

The main point m an* conditionmg is, then, the mamtenance of a 
low temperature and of a humidity not too excessive Eor maximum 
efficiency the temper atuie should never pass 70*^ F , and the humidity 
should not be above 70 per cent of saturation. At the same time a 
too low humidity should also be avoided We have little exact infor- 
mation upon this pomt, butut is a matter of common knowledge with 
many persons that vety dry air, especially at 70° or over, is excessively 
stimulatmg and produces nervousness and discomfort It would 
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piobably be desuable to keep llie lelative liumidity boUveon GO^ and 
70 "* 

Another point winch may be emphasized m the light of current 
opmion IS the impoitance of perflation/^ oi the flushing out of a room 
at intervals, with vigorous drafts of fiesh cool an. Wliere there are 
no air currents the hot, moist, vitiated air fionx the body clmgs round 
us like an aerial blanket,” as Prof Sedgwick calls it, and each of 
us IS surrounded by a zone of concentrated discomfoit The dehght- 
ful sensation of walking or riding agamst a wind is perhaps largely 
due to the dispei'sion of tins foul envelope, and it is important that a 
flesh blast of an' should sometimes blow over the body ni order to 
produce a similai effect The same process will scatter the odors 
which have been noted as unpleasant and to some persons poten- 
tially injurious The principal value of the Aarbon-dioxide test ' 
to-day hes m the fact that under ordinary conditions Ingh carbon 
dioxide indicates that there are no air currents changing the atmos- 
phere about the bodies of the occupants 

Theie is one other pi oblem of atmospheric pollution to winch special 
reference should be made The presence of noxious fumes, and 
still more the piesence of fine morganic oi organic dust, m the air 
constitutes a grave menace to health ui many processes and is an 
important contributory cause of tuberculosis The normal body 
has its ^'fightmg edge” and can protect itself agamst the tubercle 
bacillus if given a fair chance, but the lung tissue, which is laceiated 
by sharp particles of granite or steel quickly succumbs to the bac- 
teiial invader. In dusty trades, like stone cutting and cutlery 
working and emery grmdmg, 75 per cent of all deaths among the 
operatives are often due to tuberculosis, against 25 per cent for the 
normal adult population. Tins may be fairly mteipreted as mean- 
mg that the actual death rate from tuberculosis m these trades is 
from two to four times as high as m a corresponding average popu- 
lation In other words, three or four or five out of a thousand of 
these workers are sacrificed every year to the conditions under which 
they labor The elimination of the dust by special hoods and fans 
IS imperative in such mdustries and must be supplemented m extreme 
cases by the compulsory use of respirators 

It is extiaordmary how little is known to-day of the actual condi- 
tions of factory air, either by manufacturers oi by samtanans So 
far as I am aware the New York department of labor is the only 
State depaitment dealmg with factory mspection which collects 
and pubhshes exact data m regard to the quahty of the atmosphere 
m the woiksliopb If the conditions indicated m these reports by 
Dr. C. T Graham Eogers are typical, and there is no reason to doubt 
that thoj- aie, for the smaller industries at least, there is urgent need 
for betterment. The table below shows that of 216 worlcrooms 
inspected 166, or 73 per cent, had a temperafcme of over 72° and G3, 
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or 29 per cent, exceeded 79° Relative Immidily exceeded 70 per 
cent in 39, or 18 per cent of the worki’ooms In tabulating these 
analyses I have excluded all cases where the outdoor temperature 
was over 70°. 


Temperature and humidity m New Tori factories 

[Reports of the CoramissloneT of Labor for 190S, 1909, and 19x0 ] 


Industry 

XiuuhfT of iiorkrooms with tem- 
peratuiG 

Number 
with rela- 
tl^ e hiimid- 
it 7 o\er 

70 per cent 

73“ 01 less 

73“ to <9“ 

S0° or o\ ei 

Pnnting shops 

2 

2;> 

39 

a 

Clothing shops 

9 

21 

7 

b 

Bakeries. 

1 

‘20 

1> 

7 

Pearl button factories 

U 

y 

0 

11 

Cigannaldng shopb 

S 

4 

5 

7 

Laundnes 

0 

7 

7 

1 

Miscellaneous 

c 

5 

0 

1 

Total 

59 

93 

63 

39 


In the report on the sanitary condition of factories and workshops, 
made by the Massachusetts State Board of Health m 1907, is the 
following comment upon the boot and shoe industry 

In the majority of factories visited the ventilation was found to be poor, and m 
many of them distmctly bad Of the rooms not especially dusty, 102 were badly 
ventilated and 26 wqre overcrowded In the looms m which lai*ge amounts of dusts 
are evolved, the number of machines with means for efficient or fairly efficient removal 
of dust was found to be 1,630, the number either inefficiently equipped or devoid of 
equipment was 2,769 

Of 84 of the many dusty rooms reported, 40 were also overcrowded, 35 were daik, 
21 were overheated, and 18 were overcrowded, daik, and overheated In more than 
one-third of the factories visited, the conditions ot water-closets were not commend- 
able, most of them were dark and dirty to very duty 

There is 1 'hmee, though of a scattered and ill-digested 

sort, that *• t •• of such conchtions as these brings a direct 
return m increased efficiency of production Tlie classic case of the 
United States Pension Bureau is always quoted in this connection. 
The removal of the offices of the department from scattered and 
poorly ventilated buildmgs to new and well-ventilated quarters 
reduced the number of days of absence due to illness from 18,736, 
in the neighborhood of which figure it had been for several successive 
yeais, to 10,114 

In an mvestigation of my own of conditions in the operating room 
of the New England Telephone & Telegraph Co , at Cambridge, 
Mass , I found that before the installation of a veutilatmg sys- 
tem, 4 9 per cent of the force (50 to 60 girls) were absent during the 
winter months of 1906 and 4 5 per cent in 1907. The ventilating 
duct which was put in was a simple one and cost only $75 to install, 
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bui m the winter ol 1908 following itb introduction the absences were 
cut down to 1 9 pei cent of the force employed, without any other 
change m conditions or personnel so far as I was able to discover. 

The vice president of the Manliattan Tiiist Co of New Yoik states 
that by pioper ventilation he has so nicreased the efficiency of his 
cleiical foice that he has been able to reduce the number of employees 
4 per cent 

In the printmg establishment of Mr. C J O’Biien, in New York, a 
ventilatmg system was installed because of the msistence of the 
State department of labor that the law be comphed with, the order 
having been resisted for two years After the system had been in 
use a year, the proprietor stated that had he known in advance of 
the results to be obtamed no order would have been necessary to 
have brought about the mstallation Whereas foimerly the men 
had left work on busy days m an exhausted condition and sickness 
was common, now the men left work on all days m an entirely differ- 
ent condition, and sickness had been very much reduced The errors 
of typesetting and tune required for making corrections were greatly 
1 educed 

It is much to be desired that this problem should be studied by 
careful quantitative methods as a definite factor m the profit and loss 
account The National Electric Lamp Association is approachmg 
the question of samtary conditions in this manner, comparing m 
detail the temperature and humidity of its workrooms with the 
hours of work, the pay and the efficiency of its employees Only 
by such systematic study can it be determined how much factory 
sanitation is really worth m any given case The evidence is already 
strong enough, however, to warrant some investigation In cases 
wheie prelimmary study shows its value, why should not the sani- 
tary mspection of a factory be made a part of its routme operation 
just as supervision of its mechamcal featuies is a part of its oigani- 
zation to-day *2 It is not solely or chiefly the problems of ventilation 
^ as ordmanly understood that should be studied, and it must be 
remembered that there is never anythmg magical in a ventilatmg 
system ‘‘Systems’’ are as dangerous m sanitation as quackery m 
medicme The problem must be approached from a broad biological 
viewpomt, and should include all the conditions which make for 
lowered vitality. Temperature and humidity come first and foremost 
and dust and fumes must be guarded against m certain processes 
The cleanlmess of the factory, the purity of drmlong water, the qual- 
ity of hghtmg, the sanitary provisions, and a dozen other pomts will 
suggest themselves to the skilled investigator when on the ground 
He may find m many of these directions economic methods by which 
efficiency can bo promoted 

The consulting factory samtarian will be a new factor m mdustry, 
but t' 0 pioGu of industrial economy and of samtary science unite 
i-L noi^iiiinr lo I’lo need for such an expert 



THE PHYSIOLOGICAL INFLUJ5NCE OF OZONE ' 


By Leonapd Hill, F R S , and Maiitik Fl\ck 


(From tho laboratory of the London Hospital Modual College ) 

Ozone has been extolled as the active health-giving agent in moiin- 
tam and sea an, its viitues have been vaunted as a theiapeutic agent, 
until these have, by meie leiteiation, become part and parcel of com- 
mon behef , and yet exact physiological evidence in favoi of its good 
effects has been hitherto almost entirely wanting Ozone has been 
found occasionally in tiaces in the atmospheie, it has been proved to 
have active oxidizmg propeities, and on these facts the supemtructure 
of its theiapy has been reaied 

Popular attention has been fixed on tho mysterious and the 
unknown, and has neglected the prepotent power of cold wind and 
sunlight to influence the nervous health and metabohsm of man 
The only thoroughly well-ascertamed knowledge concernmg the 
physiological effect of ozone so fai attamed is that it causes nritation 
and oedema of the lungs, and death if mhaled in relatively strong 
concentration for any time, e g , 0 05 per cent, death m two hours 
(Schwarzenbach) , 1 per cent in one houi (Bailow) 

A Loewy and N Zuntz ^ wiite that ^Hhe physiological foundations 
of an ozone- theiapy can scaicely be discussed, so little is the extent 
of our exact Imowledge on tins subject^’ The old idea that ozone 
passmg into the blood acts as an oxidizmg agent theie, thus desti ey- 
ing organized and unorgamzed poisons, was exploded by Pfluger ^ who 
pomted out that ozone is immediately destioyed on contact with 
blood, even if it were not, there is no leason why it should oxidize 
toxms rather than normal constituents of the blood 

C Bmz ^ observed that ammals submitted to ozone became quiet 
and appeared to sleep ” W Sigmund ® also noted this effect m white 
mice, gold fish, and msects. He consideied that ozone is not a very 
dangerous substance, for even small animals could beai for a time a 
relatively large amount without senous effect, w'arni-blooded ammals 
were the more sensitive 

1 Reprinted by permission from the Proceedings of the BoyalSocietyj London, B yoI 81,1911, pp 404-416 

Ret. ^ ' = I ’ 'I VI - 7 ^•'1 

2 1 ’’ I " » ' ‘ I Berlm, 1906, p Cl 

■J Pfluger 's Arclilv, ol 10, p 251 ' 

i Berl Klin ‘Wochensch , 1882, Nos 1, 2, 43 
6 Cent f Batter* (n), 1906, vol 14, p 635 
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Filipow ^ found weak concciitraiions had no effect on men oi ani- 
mals, while a higher concentiation of ozone caused mitation of the 
respiiatoiy tract. 

Schultz ^ confirmed this iriitative effect, and found long-contmued 
breathing of ozone caused pathological changes, particularly in the 
lungs, which weie the cause of death Schultz consideied that the 
ozone passed mto the blood and mjured the lung secondarily Bohr 
and Maar ^ overthrew this supposition by the ingemous expeiiment 
they devised of making one lung breathe ozonized air and the other 
normal air They found this lung lemamed noimal while the 
ozomzed lung became cedematous 

Usmg a concentiation of ozone which produced no visible change m 
the pulmonaiy stiuctuie, these obseiveis found that it caused a 
dimimshed uptake of oxygen, the other lung compensated foi the 
deficiency by an inci eased uptake This occurred m both cold- 
blooded (toitoise) and warm-blooded animals In the former the 
imtial effect of ozone was occasionally a slightly mcreased oxygen 
uptake If the inhalation of ozone were continuous the increased 
uptake by the lung ventilated with noimal an finally fell away and 
became deficient, this occuired sooner m the nsarumal than in the 
tortoise 

The CO2 output was also diminished, but not so maikedly as the 
oxygen uptake, thus the respiratoiy quotients often lose over 1 The 
effect of ozone on the respiratory exchange came on giadually, and 
with v/eak concentrations often i cached its height after the cessation 
of the ozone inhalation — there was, in fact, an aftei-effect which took 
some little tune to pass off The effect was not modified by a pre- 
Imnnary division of the vagi and pulmonaiy sympathetic nerves 
The blood of the ozonized animal had no toxic effect when trans- 
fused mto anothei Bohr concluded that the effect was piimarily 
on the lungs, and as the oxygen uptake was affected more than the 
CO2 output, he claimed that his results suppoited his view that the 
pulmonary epithelium by its secietoiy actmty conti oiled the passage 
of the respiratoiy gases. Butte and Peyron likewise record that 
ozone when inhaled dnmmshes the metabolism 

One of the obstacles in the way of mvestigation has been the diffi- 
culty of obtaining pure ozone free fiom oxides of mtrogon, and 
another has been the want of an accurate method of estimating the 
concentration of ozone There has been devised lately an ingemous 
apparatus for pioducmg ozone, which eliminates the production of the 
oxides of nitiogen, and allows the ready use of ozone for bleaching, 
sterilizmg water or ventilating purposes The ozone is generated by 

lArch f d Qes PhysioL,vol 34, p 335 
a Arch f esper Path , 1882, yol 29, p 304 
a Skand Arch, f Physiol , 1904, yoI 16, p 41 
4 Comp Hend Soc. Biol , vol *46, Progrfes Mfidical, 1894, No 30, p. 61. 
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the electiical discliaige of lugli-polcnlial curieiils across sheets of 
fine gauze set paiallel and insulated fiom each otliei The gauze not 
insures the equality of the discharge ovei the whole surface, and pie- 
vents that excessive high-tension discharge at ceitain lough points, 
which occuiring in the oldei form of instruments fitted with smooth 
metal plates, causes the pioduction of oxides of nitrogen fiom the 
burning of atmospheiic nitrogen ^ Oui object theiefoie lias been to 
determme the effects of undoubtedly pure ozone, especially in con- 
centrations far less than those used by previous observeis 

Method of eshmahon of concentiahon of ozone — The air containing 
ozone is sucked by an aspirator or filter pump through a 1 per cent 
solution of potassium iodide, acidified with a small quantity of 10 
per cent sulphuric acid contained m a Drechsel wash battle It is** 
essential that contact with rubber be avoided After 10 liters of air 
have been passed through the wash bottle, the acidified KI is removed 
and freshly prepaied pure starch emulsion added A blue color indi- 
cates the presence of ozone The amount is estimated by titration 
with sodium hyposulphite solution until this blue color is dischaiged 
The hyposulphite solution is prepared by dissolving 22 2 grams m 
in 1 liter of distilled water, so that 1 c. c of the solution is equivalent 
to 100 parts per milhon of ozone m the air collected as a 10-hter 
sample For small quantities of ozone the solution may be diluted 
10 or 100 times, givmg 1 c c of the solution, equal, respectively, to 
ten parts and one part per million of ozone in the air collected 

Lethal dose of ozone — To determine this the aiumals were placed in 
a large air-tight chambei The ozonized air was then driven tlirough 
by means of a gas engine diiviiig an air pump, and the concentration 
of ozone determined m the issuing air The animals could be observed 
tlirough tlie glass wmdows of the chamber, which could also, if neces- 
sary, be lighted by electric light Our experiments show that ani- 
mals may die after being submitted to 15 to 20 parts per million for 
two hours We do not doubt that a lower concentration would have 
a fatal effect if breathed for a much longer period 

The cause of death is acute mflammation of the respiratory tract 
The lungs become mtensely congested and cedematous Microscopic- 
ally the pulmonary alveoh appear full of an mflammatory exudation. 
Many of the alveoli aie full of blood, for so intense is the irritant effect 
that hemorrhages take place There are no other signs of the effect 
of ozone m the body On inhahng ozomzed air ourselves and expm- 
ing through the iodine test solution we find no evidence of ozone m 
the exhaled air It is all taken up by the wet mucous suiface of the 
respiratory tract and exerts its effect there. 

1 Mr Edwd L Joseph, the inventor of the “ Ozonair” apparatus, was good enough to gi\e us the use 
of a complete installation and place his information at our disposal 
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T.vblf, I — Lethal dost 


[Jduuaiy trt M uch, 1010 ] 


Animals 

Parts of 
0 / one per 
miiliou 

B Ural 1011 
of 

b\posLire 

Besiilt 

2 rate 

ij 

H m 

0 

Died following niglit lung sIiom mg piieunioina 

Do 

2 

0 

No ill eidacts 

Bo 

3-5 

3] 0 

Bo 

2 rate, 1 cat 

71 

3; 0 

r its quiet, fm btanding tip ieco\ eied Cat Ulled 

1 dog, 3 rits 

10-20 

3 0 

ne\t da^ , signs of lung irritation 

Bisoulued breillung of all aiimi ils, ill k‘( o\ ered 

2 goats 

1 

3^ 0 

Jcrlv> IjiodUiiiig, Eoou recovered 

Bo 

t 

32 0 

B:,fapnaic, Ihadsnnines, soon iccoveied 

1 dog, 3 rats 

lUf 

22 0 

Bog’s bieath disoidoied, c\o^ eloped cough and bad 

2 goats 

9! 

3 j 

bioathing 1 honi aftei, all eventually rccoi ered 
Bepressed bicathmg disordered, moist sounds, 

2 rats 

10 

4 0 

letoi eied 

riinuflled, recotered 

1 rat 

n 

3 0, 

No permanent ill edects 

1 moube 

20 

3 0 

Died, pneumonic signs found post mortem 

Do 

40 

1 0 

^ or^ disoideied bieatliing, cientually recovered 


On breathing two to three paitw pei million, we ouiselvcs hnd it 
irritating to the respiratory tract, with a tendency to produce, in this 
concentration, headache and oppression The irritation set np by 
ozone, together with its strong chaiacteiistic smell, aflords ample 
warning, and would prevent anyone exposing himself umntentionally 
to a dangeious concentration The nutation set up would naturally 
make anyone lemove himself from tbe influence of the ozone before 
any serious damage to the lungs had been set up As far as we can 
see, then, no serious risk can arise fxom the use of ozone generators 
so long as the geneiators are not placed in a confined space fiom which 
escape is impossible 

It IS only possible to estimate concentrations of much less than one 
part of ozone per million paits of an by passing veiy laige ctuantities 
of the ozomzed aii through the acidified potassium iodide solution 
We find concentrations of fai less than one in a million paits can be 
both smelled and tasted, the physiological test for ozone therefore is 
extraordmanly delicate If ozone is used in a yentilatmg system, 
we think it should be in such concentration as is scarcely perceptible 
to a keen sense of smell 

Ozone has most potent action as a deodoiizer We tested this by 
filling our experimental chamber with the smoke of shag tobacco, 
ammonium sulphide, or carbon bisulphide vapor At other times 
we placed in the chamber stmlong meat, or human feces After 
putting in action the two small ozonizers, placed m the roof of the 
chamber, for two minutes, we were not able to detect the odors of 
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these substances The smell of the ozone masked all othei smells 
The maslang of these smells gives no pi oof of tlie destruction of the 
evihsmellmg emanations, foi Zivaardemaker has shown that two 
smells can neiitrahze each othei — o g , ammoma intioduced up one 
nostril and acetic acid up the other 
Erlandsen and L Schwarz ^ concluded, from a series of careful 
obseivations on the elTect of ozone on ammonia and hydiogen sul- 
phide, ti imethylamiiie, butyiic, and valeiiamc acids, mdol and skatol, 
that the smells are only masked and not destioyed by the piesence 
of ozone The odoriferous substance and ozone were introduced into 
the chamber together After a peiiod the ozone disappeared from 
the chambei, and the smell was found to have re tinned The smell 
of tobacco, in paiticulai, was masked and not destroyed 
From a hygienic standpoint the ozone may be useful as a deodorizer, 
since, from the point of view of its effect on the nervous system, it 
does not matter whethei the evil smell is masked or destroyed The 
question is, which is preferable, the evil smell oi the smell of ozone 
Certam smells are objectionable, and become more so if persistent 
and uniform In cold-meat or dry-goods stores, tube railways, etc , 
ozone may have its use as a deodonzei and freshener of the atmos- 
phere, relievmg the stale and tedious qiiahty of the an 

In a room fitted with a gas radiator (without flue) we have found, 
by a series of daily observations, that ozone relieves the disagreeable 
quality of the axr It seems to give a ceitam tang to the air, and, by 
stimulating nerve endings in the respiratoiy tiact, relieves the monot- 
ony of overwarm and close air. We were informed by an engineer 
employed in a large public offlee that he added Samtas to the water 
used for^spiaying and cooling the air which was pumped into the 
building on a Plenum system In the late afternoon the cleilvS often 
telephoned down to him and asked for “moze Samtas — anythmg 
to change the monotony of air always warmed to 65 ^ F 
Under the conditions of natural life we are blown upon by every 
wmd, and wet with every shower The cutaneous sense organs are 
submitted to ceaseless flux of physical and chemical conditions, moie 
or less blood and tissue lymph, higher or lower tempeiatuie, etc. The 
heatmg and ventilating engmeei has aimed at giving us in our build- 
ings a uniform summer tempera tme, unchanged by ^vmd or calm, 
warm sunsbme, or cold shadow of the clouds. In the House of Com- 
mons the am is drawn in from over the Thames, cooled and wetted by 
a water spray, and carried in at the rate of 40,000 to 50,000 feet a 
minute— a fine bracmg cuiTent Before it reaches the House it is 
warmed by passmg over steam radiators, mixed, and passed in a 
imiform draftless stream at 63° F , through the gauze-covered floor 


i Zeit f Hygiene n Infection‘5 Krankhellen, 1910, vol 07, p 391. 
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of the House When the division bell rings, the current is switched 
fiom the House on to the division lobbies Hour after hour the same 
uniformity is maintained, which leads the open-air man to complain 
that it IS too hot, and the old East Indian to levile the cold The 
fault lies in the uniformity. When the House is cleared for division) 
it should be swept, m our opinion, with a current of cool air straight 
from the water sprays 

In such conditions of uniformity an ozomzer, just as a cigaiette, 
may relieve the tedium of the nervous system Ozonized air may 
help under the depressing conditions which obtain in many shops and 
factoiies by vaiying the stimulation of the nervous system 

It has been claimed that traces of ozone in the atmosphere, by its 
oxidizing properties, destioy dust, bacteiia, noxious gases, and render 
the air pure There is no doubt that ozone in the presence of water 
and in strong concentration is a powerful oxidizing agent It is 
actually used for the sterihzation of the water supply of certain towns 
The ozonized air is thoroughly mixed with the water and brought into 
intimate contact with the bacteria On dry bacteria concentrated 
ozone has no action (Ohlmuller 0 In weak concentrations, such 
as can be inhaled safely, we found ozone had no sterilizing effect when 
bubbled through moist cultures of Bacillus coh commums The ozone 
only acts on the suiface, and in weak concentrations can not be ex- 
pected to pass thi’ough relatively thick layers of wet material 

Erlandsen and Schwarz rightly pomt out that there is no justifica- 
tion for the assertion made by Lubbert that ^^orgamc dust, lU-smoll- 
ing particles, and agents of infection can not exist m the presence of 
ozone, and that a demonstrable excess of ozone indicates absolute 
purity of the air 

Owing to ij}s powerful bactericidal action when passed through 
water in high concentrations, it might be thought that inhalation 
of ozone would be of value in the tieatment of mfections of the re- 
spiratory tract, and such inhalations have been used, e. g., for pulmo- 
nary tuberculosis. 

Against the use of all such bacteiicidal agents m the treatment of 
pulmonary disease is the fact that the bacilli are growing m the sub- 
stance of the wet tissues, and therefore to kill the bacilli a concen- 
tration must be used which would also kill the tissues. 

One of the most potent methods of treatment is to draw blood 
in increased volume to the infected part, by fomentations, blisters, 
etc , the blood itself havmg bactericidal and immunizing propertieSv 
We suggest that inhalation of weak concentrations of ozone, by 
mildly irntatmg the respiratory tract, may bnng more blood to the 
part and thus have the curative effect of a fomentation or blister 


1 Arbeiten 4 d ICals Gesundlieitsamto, vol 8, p 239, 
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Fat lias a power of absorbing ozone until it smells stiongly of 
ozone, and it retains the ozone for a long tune F Kidd kindly 
tiled for us the application of ozonized lard or vaselme to foul chronic 
ulcers of the leg, but found that while hot fomentations weie effica- 
cious in cleaning up and lendering sweet control cases of ulcei, the 
ozonized ointment had little effect 

For the myestigation of the respiratoiy metabolism we used the 
Haldane-Pembrey gravimetric method Mice oi small rats weie 
placed m a beaker fitted with a thermometer and the beaker placed 
m a Hearson air bath to keep the external temperatuie constant. 
In a first series of experiments the ozone was geneiated by a specially 
made small ozomzer, and led partly thiough the animal chamber 
and partly through a collectmg wash bottle, m cider that its con- 
centration might be detei mined 

The water vapor given off by the animal vaiied so much with the 
passing of urine and feces, and possibly with the animal puttmg up 
its fur, as it does when depressed by tlie ozone, that we can lay no 
weight on the calculation of oxygen mtake The weakness of the 
gravimetric method lies in the fact that the oxygen is calculated 
from the difference between loss of body weight and output of water 
and CO 2 , and not directly measured 

We shall confine our considerations m these experiments to the 
loss of body weight, and the CO 2 output. Table II shows the loss 
of weight sustained by the animal, the amounts of H 2 O and CO 2 
given off before, durmg, and after ozone It is seen that there is a 
marked depression durmg and after the administration of ozone 
The table gives a random selection made from 25 similar experiments 

The figures for the loss of weight represent the loss of weight of 
the animals weighed in the respiration chamber Evaporation of 
urme and feces when passed contribute to this loss As the loss of 
body weight is also mfluenced by the passing and evaporation of 
the urme and water from the feces, the CO 2 output resffits axe the 
more trustworthy 

As the concentration of ozone ^ven by the small generator seemed 
to be too high, we obtamed the ozone m the following experiments 
by generating it m a room, the ozomzer being placed at distances 
varymgfrom 100 to 350 cm from the inlet of the ventilation current 
which was drawn through the animal chamber Table III gives the 
loss of weight and amount of CO^ given off in milligrammes in the 
last eight experiments made under these conditions, the reading for 
the oxygen as before being variable In all, 16 similar experiments 
were made on small 1 ats. 
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Table II 


Animal 


r-j 

Air 

Air ^ 

h' 

Ozone 

1 

After 

first 

^fter 

second 

After 

third 

After 

fourth 

E emails 

Miouse 

TiTno,m ramutes 

15 

15 

15 

105 

15 

15 

15 

15 

Ozone 3^ parts per mil- 


Lo'is of weight 

115 

121 

125 

m 

o5 


47 

46 

lion Breathing notice- 


H/0 given off . 

125 

120 

121 


G4 

45 

50 

55 

ably disordered 


CO s given off 

87 

90 

85 


50 

33 

30 

53 


Po 

Time,m minutes 

20 

20 


no 

20 

20 

20 

20 

Ozone 6 parts per nulUon 


Loss of weight 

SS5 



499 

9S 

93 

83 

71 

Breathmg markedly 

1 

HaO guen off 

151 

222 



225 

133 

94 

8S 

disoidered 


COa given off 

101 

SG 



oO 

21 5 

22 

24 


Do 

Time, m minutes 

20 

20 

20 

90 

20 

20 



Ozone U pai^a per mil- 


Loss of weight 

210 

270 

210 

198 

34 

150 



lion 


IlaO given off 

140 

2G0 

200 


70 

; 180 





COa given off 

!i21 

140 

lift 


30 

50 




Do 

Time, in minutes 

75 



75 

75 




Ozone less than 1 part 


Loss of weight 

415 



335 

104 




per million 2 inches 


HaO given off 

303 



344 

ISO 




from ozomzei 


rOa gi-\ en off 

163 



80 

97 





Do * 

Time, in minutes 

GO 



00 

60 

60 

60 


Ozono well less than 1 


Lost> of weight 

580 



515 

323 

! 32o 

380 


part per million 1 


E3O given off 

m 



525 

337 

' 335 

1 393 


foot from ozomzer 


CO a given off 

207 



64 

150 

’ 112 

208 



Do 

Time, in minutes 

75 



75 

75 

1 60 



Ozono veil less than 1 


Loss of weight 

405 



250 

1 185 

236 



pirt per irullion 100 


HaO given off 

320 



233 

189 

135 

1 


cm fiom ozonizcr 
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In all these experiments the animals weie given a pielimmaiy 
half-hour or so on air, in which to settle down and adjust themselves 
to their new surroundings Judging by the CO3 given off 111 some 
cases, the ozone appears to have perhaps a transitory stimulating 
effect, followed by a corresponding depressant effect, m others there 
IS but little evidence of any action of the ozone at all at concentra- 
tions such as these The ozone itself was always in concentrations 
far less than one pait per million, and vaiied from day to day accord- 
ing to the atmospheiic conditions prevaiimg We should state that 
several of our figures obtained durjng and aftei ozone show a R Q. 
above 1, confirmmg the observations of Bohi as to the dimmished 
nptake of oxygen 

Turning to the investigation of the lespiratoiy metabolism of man 
under the influence of ozone, we selected the method devised recently 
by Dr Gordon DouglasJ of Oxford, owing to its simplicity and 
efficiency 


ICG Douglas, loum Physiol , 1911, vol 42, Proceedings, p 
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Table III 
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175 
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1 Here the upper number represents the result of a further hour of ozone, and iho lower numbers that 

of the succeeding ^ hour in air 


The subject was provided with a mouthpiece, fitted with inspiiatoiy 
and expiratory valves (W e used the excellent mica valves made by 
Messrs. Siebe, Gorman & Co , and used in their ncune rescue appa- 
ratus ) While inspiring atmospheric air, the subject expired mto a 
large canvas-rubber bag of suitable constiuction, and pieviously 
emptied of air After a period of 10 minutes a fresh bag was sub- 
stituted, and the volume of expired air m the first bag was measured 
by pressing tbe contents of the bag through the meter, and a sample 
of the expired air was collected and analyzed Successive samples 
were thus taken, some when the air was ozonized and some when it 
was not The composition of the atmospheric air being known, the 
requisite data were calculated from the measurements of the meter 
and the analysis of the samples, ah results bemg reduced to C and 
760 mm 

In all we have made 19 experiments, and append the details of 
the last 7 In the prelimmary trials of the method we found con- 
siderable variations in the metabohsm in successive periods of time. 
These were due to want of complete rest on the part of the subject 
(See Table IV ) 

Our last series of experiments were carried out with the subject 
recumbent on a couch and prepared for the test by a prehmmaiy 
period of rest Even then, the openmg and shuttmg of the wmdows 
38734°— SM 1911 40 
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(to vary the condition of ozonization of the air) must have somewhat 
mfluenced onr results by altering the cooling effect of the air on the 
body These tests were carried out in warm summer weather^ and 
in the final experiment the \vindows were kept shut all the time and 
the room ventilated by openmg the doors leading into other and 
larger laboratories In this experiment we obtamed results which 
we regard as the most conclusive of all 

The metabohsm varies with the degree of complete rest of the 
subject If he moves slightly more or less — e g., m reading, talking — 
this will affect the result, and thus wo can not expect figures more 
concoidant than those we have obtamed Loolang at the figures in 
columns 4 and 6, we can not find any conclusive evidence that ozone 
altered the respiratory metabohsm Note particularly the final 
expeiiment (No 7), in which the wmdows were shut and the con- 
ditions even all through 

The ozone was given m a concentration that made the air smell 
quite strongly, and m some cases it was pushed even to an unpleasant 
degree Takmg these figures together with those obtamed on mice, 
we must conclude that we have failed to obtain certain evidence that 
inhalation of ozone in weak concentration stimulates the respiratory 
metabohsm, i e , the output of CO 2 and use of O 2 On the other 
hand, our experiments conclusively show that any considerable con- 
centration of ozone depresses the respiratory metabohsm 

We think that the beneficial results obtamed by the use of pure 
ozone in ventilation must be reached by the effect of ozone on the 
nervous system — by its stimulatmg the mucous membrane, neutrahz- 
mg smells, and rehevmg the depressing uniformity of close air Our 
experiments show that no harm results to man from breathing axr 
ozonized till the air smells quite strongly of ozone, for periods of 
half to one hour 

Perhaps the most mterestmg observation made in the reseaich is 
this* When the respiratory tract is irntated by ozone the animal 
becomes motionless, sits hunched up with its fur eiect, thus showmg 
the signs of depression The ozone lessens the respiratory exchange, 
reduces it even to one-seventh, at a time when the lung shows no 
changes visible to the naked eye, the animal adjusts its behavior to 
this condition, and keeps very still and quiet Its body temperature 
at the same time falls The damage to the lung can not be serious, 
since this depressant effect is quite evanescent. 
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Table IV 


1 

Subject breathing 
for 10 minutes 

2 

Amount 
mspiied, 
in liters 

3 

Amount 
of COj in 
sample 

4 

Amount 
of CO 2 
expired 
per 

minute 

5 

Oxygen ‘ 

III 

sample 

^ 1 
Corrected 

unoimt of 
oxygen 
taken in 
per 

minute 

Remarks 

L -W 







Air 

87 4 

4 21 

3G7 

16 26 

420 4 

Nearlj nsleep No effort ^vlth 
tube lYrndow open 

Ozone 

95 d 

4 11 

413 

16 09 

475 5 

Reading Eltort of putting on 
tube lYindoiv shut 

Air 

99 3 

4 IS 

409 

16 39 

463 6 

Rejdmg Efiort of piittmg on 
tube \\ mdow open 

L H‘ 







Air 

107 9 

4 21 

453 

16 63 

466 2 

Windows open 

Do 

100 3 

3 93 

393 

16 83 

419 2 

Do 

Ozone 

111 6 

3 89 

431 

lb 4 

515 0 

A\’'iiido’a s shut 

Do 

96 9 

3 90 

387 

10 S7 

399 2 

Do 

Air 

L H 

131 5 

3 9G 

517 

17 07 

501 

'W mdow open Bothered by 
\ alves 

* 

Air 

107 8 

4 05 

! 437 6 

16 85 

441 

Windows open 

Do 

100 7 

4 00 

' 403 

16 75 

425 8 

Do 

Ozone 

86 02 

4 05 

348 

16 39 

402 5 

Windows shut 

S E 







Air 

66 43 

4 25 

282 4 

16 195 

323 6 

Reading Bindowsopen 

Do 

58 45 

3 85 

226 7 

16 83 

241 9 

Do 

Ozone 

58 51 

4 34 

254 3 ' 

16 104 

291 1 

Reading mdoi;v s shut 

Do 

M F 

66 95 

3 o3 

236 3 

17 49 

229 1 

Do 

Air 

83 56 

4 15 

346 7 

16 5 

375 2 

Reading Windows open 

Do 

93 37 

3 65 

340 8 

16 93 

382 8 

Troubled with mouthpiece 
slightly R Q 89 

Ozone 

76 95 

3 91 

300 9 

16 36 

365 6 

Readmg mdow shut R Q, 

82 

Do 

97 81 

3 48 

340 3 

IS 0 

274 8 

Readmg Troubled with mouth- 
piece slightly R Q 1 25 

Air 

70 13 

3 99 

279 9 

16 73 

298 S 

Window open R Q 93 

A W 







Air* 

68 6 

4 19 

287 4 

17 03 

261 3 

Windows open 

Do 

74 8 

3 48 

260 3 

17 438 

262 3 

Do 

Ozone 

92 4 

3 80 

351 2 

17 20 

341 9 

Wmdowa shut 

Do 

73 7 

3 94 

290 4 

16 43 

341 3 

Do 

Do 

67 5 

3 80 

256 5 

16 57 

304 5 

Do 

Air 

60 0 

4 15 

249 0 

16 32 

285 0 

Windows open 

Do 

45 5 

3 91 

177 5 

18 11 

114 9 

Do 

A ’VV 







Air 

65 9 

4 25 

280 07 

16 IS 

325 

Windows shut all the time 

Do 

60 2 

5 05 

265 01 

16 19 

233 4 

Do 

Ozone 

63 2 

4 44 

280 60 

15 91 

327 3 

Do 

Do 

66 3 

4 236 

238 48 

15 91 

293 9 

Do 

Do 

65 9 

4 31 

284 02 

16 05 

331 5 

Do 

Air 

63 7 

4 31 

274 55 

16 Gl 

323 6 

Do 

Do , 

61 8 

4 50 

278 10 

15 93 

31S 3 

Do 
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In pneumonia we see the same thing, the patient is forced^ by the 
feehng of dlness to keep quiet lu bed How this adjustment is 
bi ought about is a subject for further research It will be of especial 
interest to see the effect of ozone on the oxygen partial pressure of the 
blood We would draw attention to the fact that high pressures of 
oxygen produce inflammation of the lung (Lorrain Smith, L Hill, 
and J J R Macleod) similar to that produced by ozone It is this 
resemblance which m pait led us to make this research 

_ CONCLUSIONS 

(1) Ozone IS a powerful deodorizer It masks rather than destioys 
smells Its practical value in reheving the nervous system from the 
depressant influence of an unpleasant odor is none the less for tins 

(2) A concentration as little as 1 per million is irritatuig to the 
lespuatory tract Exposuie for two hours to a concentration of 15 
to 20 pel million is not without risk to hie The irritative effect and 
the discomfort produced thereby—cough, headache — give ample 
warning, and there is no risk from inhahng ozone so long as an outlet 
for the instmctive escape from its influence is open It is necessary 
that systems of ventilation in which ozone is used should be dealt 
with by those experienced in the mattei, so that concentiations may 
be supphed which will not irritate the respiratory tract 

(3) The respiratory metabohsm is reduced by ozone, in concen- 
trations even less than 1 part per miUion There is no conclusive 
evidence of a prehmmary stimulation of metabohsm preceding the 
fall. 

(4) The beneficial effect of ozone obtained by the ozone ventilating 
systems is to be explamed by its effect on the nervous system By 
exciting the olfactory nerves and those of the respiratoiy tract and 
skin, it may relieve the monotony of close" air, the smell of tube 
railways, in cold meat stoics, hide stores, and other tiades 

(5) There is no harm in breathing weak concentrations of ozone, 
such as can be scarcely sensed by a keen sense of smell 

(6) Ozone in somewhat higher concentrations (1 per miUion) 
may have some value as a therapeutic agent if inhaled for brief 
periods, by irntatmg the lespuatory tract it may act as a bhster oi 
fomentation and bring more blood and tissue lymph to the part 
The blood and tissue lymph contain the unmumzmg and curative 
piopeities It seems to us a simple and convement way of applying 
a bhster to the respnatory tract 

This research has been earned out with the aid of a giant from the 
London Hospital research fund 

[Note added Novemler 21, 1911, — ^We have found that exposure for 
IQ mmutes to 2 parts m 10 milhons of ozone may lower the rectal 
temperature of rats as much as 3®, while contiol rats mamtained 
their normal temperature of 38.5° 0*] 



TRAVELING AT HIGH SPEEDS ON THE SURFACE OF THE 
EARTH AND ABOVE IT^ 


By Prof H S Hele-Shaw, LL D , P R S , M lost 0 B , M R I 


The Spirit of the time shall teach me speed — King John 

Theie aie few things so impoitant to man from a mateiial pomt of 
view as the power of locomotion, seeing, therefore, that in this 
respect he is far less well endowed by nature than many, if not most, 
hving creatures, it is no wonder that ho has striven from the eailiest 
times to overcome his mfenority by means of mechamcal devices 
The marvelous results of these unceasing attempts winch to-day we 
enjoy, or, as some people would prefer to say, ^^take advantage of,'^ 
are accepted by most of us as a mere matter of course, and we are 
further apt to assume that the progress which has been so marked 
durmg the last century, and particularly m lecent years, will con- 
tinue mdefimtely Now, quite apart from mere locomotion, the 
question of speed is one of great scientific interest, and, more than 
this, it IS the real test of the power of locomotion This is not a 
mere accident, but has its loot m somethmg far deeper The desne 
for speed is a quality inherent in man, and is doubtless a primordial 
mstmet, the reason for which we see in all other ammals, being 
derived from prehistoric ages Speed was from the fii'st a necessity 
of life to enable the weak to escape from the stiong and to enable 
the strong to prey upon the weak, and men depended, just as much 
as the animals did, f oi their very existence on fleetness and speed of 
motion. 

From what few and somewhat uncertain records we have of the 
achievements of man in running m the ancient sports, it does not 
seem there is very much difference between his powers then and in 
modern times Kb to modern times, we find that for the short 
distance of 100 yards, and for the longer distance of a mile, the 
recoids of 25 years ago still stand, notwithstanding the strenuous 
efforts made to improve upon them on many scores of occasions each 
subsequent year Thus we have for the former the record of E. 
Donovan m 1886, 21 3 miles an hour, and m the same year the record 
of W G Geoige for the rmle, 14 2 miles an hour, which have never 
been beaten, while for one distance, that of 200 yards, the record of 
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Seward m 1847, or 64 years ago, still stands In fact, a study of all 
the records of 25 distances shows that several of them remain un- 
broken after comparatively long periods, viZ; from a quarter to half 
a century 

Thus, so far as his own unaided powers of locomotion are con- 
cerned, man may he considered, fox all practical purposes, to have 
reached long ago the limit of speed possibihty From earliest times, 
however, he has brought the muscular effort of other animals into 
his service, and has devoted his intellect toward improving their 
speed for his own uses You will see graphically recorded m figure 1 
the speeds of all the Derby wmners from the year 1856 — i, e ,for more 
than half a century The average speed, which may be taken as 
somewhere above 30 miles an hour, has doubtless slightly increased, 



rEAR 

riQ 1 —Per’by winuers for 55 years 

but it will be seen from the dotted line which has been drawn at the 
top of the maximum speeds what comparatively little increase has 
been obtained for an expenditure of the many millions represented 
directly and indirectly n> the trammg and breedmg of these horses, 
and it may be reasonably assumed that here agam the limit has been 
reached for the fleetest animal, by the aid of which man can increase 
bis speed of locomotion by usmg muscular power other than his own. 

What, then, are the physical reasons for this limitation^ It is 
not due to the chief cause, which we shall see later puts a practical 
hmit to very high speeds in mechamcal locomotion, namely, the 
resistance of the atmosphere Neither is it due to the effective work 
done in movement, since with a body movmg along a level plam — i e , 
at a constant distance from the earth’s center — this effective work is 
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ml. To understand the matter we must study the natuie of animal 
locomotion The surface of the earth is rough, sliding along it being 
obviously out of the question; natuie has made provision for animal 
movement as follows One part of the body first rests on the ground, 
another part supported by this is advanced, being raised clear of the 
ground, to rest in turn upon the ground and serve m turn as a suppoit, 
so that the part behind may be raised and advanced to a fiesli posi- 
tion In man and other animals the feet form the points of suppoit 
for this process, but the same method of locomotion is employed by 
creatures without feet, winch have to crawl oi glide, such as snakes 
or worms 

This process, whethei with animals or reptiles, as you will see, 
mvolves m the raising of the body an expendituie of woik which is 
not recovered, and fuither an expenditure of woik m stoppmg and 
startmg some poition of the body in its movements My assistant 
now walks m fiont of the blackboard holdmg a piece of chalk level 
with his head, and you will see the nsmg and fallmg motion I have 
prepared a wooden model to represent the action of his legs, and you 
will see that these legs, bemg equal to his in length, pioduce almost 
exactly the same curve underneath, so that you have a complete 
explanation of this movement, viz, the rotation of the hip about the 
ankle as a pivot There is a third case of loss, namely, the energy 
mvoived m swmgmg the legs About 30 years ago the distmguished 
French professor, Marey, actually mvestigated the loss mvoived from 
each of these three causes, and I have on the wall a diagram in which 
you will see all three given graplucally The number of steps per 
mmute, you will notice, mcreases until a pace is i cached when it 
becomes painful to walk faster, and you will also notice from the 
diagram that at about 90 steps pei mmute the gait changes to a run — 
that IS to say, a spimgmg action takes place, the hind foot leaving 
the ground befoie the fiont is put down upon it 

I have another diagiam shelving how the length of stride at first 
mcreases with the pace, and afterwards begms to fall off before the 
walkmg breaks mto a run The reason why a man or an animal 
changes his pace at this pomt is obvious, and it is because a faster 
speed is possible with a less effort As the speed of runmng is 
mcreased the total effort becomes gieatei, but the three elements 
shown on the diagram are differently divided; the rise and fall ele- 
ment IS less, but the work done m swmgmg the legs is more, while the 
chief element, in the muscular effoit expended, is the loss of energy 
mvoived in stoppmg and startmg as each sprmg reaches a maximum* 
Tune does not permit me to pursue this interesting subject further 
except to pomt out that exactly similar causes operate in the natural 
locomotion of other animals w^ch move on legs. 
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We therefore now know that the limit of speed is controlled by two 
factois 

(1) Physical endurance, owing to the expendituie of woik occui- 
rmg at an increasing rate as the speed is increased 

(2) The physical impossibility of giving a reciprocating movement 
to the legs quickei than a certam limited period of time 

I have prepared a chait (fig 2) which shows the maximum lecoided 
velocities of man's pi egression in wallang and runnmg The speeds 
are set up as vertical oidinates, and the abscissae repiesent the dis- 
tances over which the lespective speeds weie mamtained It will be 



MILES 

Eig 2 —Speed lecordsfor human muscular effort 

seen that the maximum speed of walking is about 9 miles an hour 
for a short distance, but when the long distance of 100 miles is covered, 
the quickest rate recoided falls to 5J miles an hour. For running, 
the quickest speed which I have mentioned, viz, 21^ miles an hour 
for 100 yards, falls to 7^ miles an hour as the average speed for a dis- 
tance of 100 miles. 

We do not laiow the speed of the original ]\ -toiic A i ujj fioin Mara- 
thonto Athens, but we do knowthat l)oi »uulo i an ilio a i hem 

from Windsor Castle to the stadium at Shepherd’s Bush, a ^stance of 
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26 miles 385 yaids in (to bo exact) 2 boms 55 minutes ISf seconds, or 
at the rate of 9 miles per honr^ which, you see, fits very well on our 
curve 

We may notice in passing that in walkmg fast and starting to run 
the arms swing in time with the opposite leg, as in the modern pictuie 
on the diagram exhibited In the picture, however, copied on the 
same diagram from an ancient Gieek vase, although the attitude of 
the legs IS the same, it might appear at fiist sight as if the aims weie 
swmgmg m the contrary way As a matter of fact, a closer exammation 
shows that in all the figures on the vase the arms aie m the same posi- 
tion, although the legs are m different phases This seems to indicate 
that the arms of a Greek lunner weie held m a fixed position, as shoivn, 
and from the position of the hands, with the evident intention of cut- 
tmg the wmd If this is tiue, it mdicates that even then it was cleaily 
recognized that if there was any effect of the wind it was ]ust as 
impoitant behmd as in front, a mattei I shall have to allude to 
hereafter 

What man can do by his muscular effort m the water is shown by 
the small cuive in the corner The greatest distance shown (fig 2) is 
about 21 miles by Capt Webb at about 1 mile per hour, although for 
a short distance it will be seen that a man can swim at about 4 mules 
per hour I do not put m flying, because man has not yet flown by 
his own muscular effort, and flymg men to-day are usmg engines of 
from 20 to 100 hoisepower, i e , from 200 to 1,000 man power Gliding 
per se is no more than fallmg thiough the air (more or less) gradually, 
as m a parachute 

Before pioceedmg to see what man has done to mcrease his powers 
of purely musculai locomotion by means of mechamcal devices we will 
study the details of locomotion m the other animals We are able to 
do ttos by the method of Mr Muybiidge, since developed in the inven- 
tion of the cinematograph, and which was explamed by Mr Muy- 
bridge for the first time m this country about 30 years ago in a lecture 
in this haU 

Take fii’st the gallopmg horse The lantern diagram shows cleaily 
the various phases in the action of a horse, and shows how the animal 
IS not only able to attam its high speed by its length of stride, but by 
doing what man can not do to the same extent — drawmg up its body 
and m sprmging forwaid, usmg alternately its fore and bmd feet, so as 
to get a stride which no two-footed creature could attain on the level 
ground I may pomt out that the kangaroo, though usmg only two 
legs, makes effective use of its tail m the sprmg The horse springs 
clear of the ground off its forefeet, only you will notice that it uses 
both its fore and hind legs as the spokes of a wheel on which it rolls 
when walking (exactly as man does), though it rolls and swings 
alter^iately m galloping The same kind of diagram could be con- 
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striicted for the effort exerted at different speeds by the hoisc; as has 
been produced by Marey foi the man, only the distribution of energy 
would probably be veiy different 

Turmng next to other animals, it is interesting to observe that a 
greyhound gets its high speed in proportion to its size owing to the 
great flexibihty of its long body, which enables it to draw its hind 
legs forward each time for the next bound, and also bound forward 
both from its fore and hind legs The other animals in gallopmg 
have each the same general land of movement, although the deer, 
curiously enough, only bounds from its hind legs, and differs in this 
respect from the horse, and also it will be noticed the want of 
flexibility m the body of an animal may be one of the causes of its 
relatively slow speed But whether it be man, horse, dog, or any 
other animal, the same characteristic is found, namely, that locomo- 
tion, apart from the boundmg action, takes place by a sort of roUmg 
action on the ground The idea which had persisted since the 
delineation of horses in Assyrian and Egyptian pictures, that both 
the fore or both the hind legs are put on the ground simultaneously, 
is thus exploded As Mi Muybiidge truly said 

When, during a gallop, the fore and hind legs are severally and consecutively thrust 
forward and backward to then fullest extent, their comparative inaction may create 
in the nund of the careless obseiver an impression of indistinct outlines, these suc- 
cessive appearances were probably combined by the earliest sculptors and painters, 
and with grotesque exaggeration adopted as the solitary position to illustrate great 
speed 

As a matter of fact, each leg m turn, as it rests on the ground, 
stops for a moment just as much as in the forward position above 
mentioned, and if you watch a dog galloping you can see quite 
clearly the rollmg stroke action I have mentioned 

With the above facts in mind, we can understand exactly tbe 
limitations to animal locomotion In the words of Mr Muybridge 

When the body of an ammal is being earned forward with uniform motion, the 
limbs m then relation to it have alternately a progressive and a retrogressive action, 
their vaiious portions accelerating in comparative speed and repose as they extend 
downwaid to the feet, which are subjected to successive changes from a condition 
of absolute rest to a varying increased velocity in comparison with that of the body 

Hence," all ammal locomotion absolutely lacks that contmuity of 
movement, the production of which we shall see is the distinguishing 
feature and the direct cause of the high speeds attamed m mechanical 
locomotion 

The exchange of the intermittent movement of nature for one 
having the desired continuity of movement has been eflected by means 
of what IS posaibly the greatest and yet the simplest of all human 
mvenlioTis, naraolj', the wheel. The wheel was made and used prob- 
ably thousands of years before man learned to replace muscular effort 
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by that of steam and the other forces of nature, the origm of the 
wheel being absolutely lost m antiquity 

From the models which I now show will be noticed the way m 
which the wheel acts and how it overcomes the defect of animal 
locomotion, givmg a rotary and continuous movement instead of a 
reciprocatmg and vanable one At one and the same time the wheel, 
therefore, does away with the three causes of loss shown in the 
diagram as occurrmg with animal locomotion The mere use of the 
wheel has enabled man himself, by his own muscular effort, enor- 
mously to increase his individual power of locomotion The top 
curve on figure 2 shows, in comparison with the other curves of 
walkmg and runmng, his unpaced records on a bicycle, in usmg 
which it will be realized that ail three causes of loss which occur m 
runmng and walkmg are obviated You will notice a similar differ- 
ence in speed as the distance varies to that which is made evident m 
the curves for walking and running For the distance of 100 miles 
the average speed is thus only 21 miles an hour, while that for a one- 
fourth mile IS more than 35 miles an hour In view of the results 
shown by the curve, it is not surprismg that the bicycle has entered 
largely into the conditions of modern life I am not able to give you 
any exact figures of the quantity of bicycles turned out each year m 
this country, but I can tell you that in the post office alone there are 
now 12,000 bicycles employed, and their number is always on the 
mcrease, the distance covered on them by men and boys in the year 
is mcfre than 120,000,000 miles 

I have not dealt with paced bicycle records, as such are not the 
result of musculai effort, but of bemg pushed along by the current 
of wind which follows up the pacmg machine, such as occurs when a 
man on a ^^push^^ bicycle is paced by a motor vehicle In a record 
first set up in America for 60 miles an hour on a bicycle, a man was 
paced by a locomotive engme, runmng at 60 rmles an hour along a 
special track, the nder was' nearly killed when he tned to drop 
behmd, owmg to the whirlwmd which was being dragged along by 
the engme, ultimately his hfe was saved by his bemg lifted bodily 
off his bicycle onto the locomotive There is no record as to what 
became of the bicycle. 

Curiously enough, records for ice skatmg and roller skatmg are 
almost the same, and far below that on the bicycle, which I thmk 
proves distmctly that the reciprocating movement of the limbs hmits 
man^s powers, whether he is sliding on the ice or using wheels as with 
roller skates This is so, notwithstanding that he carries along 
with hiTT) when on a bicycle the extra weight of the bicycle, but the 
reciprocatmg movement of his legs is so slow, owmg to the gearing 
up of the driving wheel, as to give him the material ad v ani ago shown 
by the respective curves. Further, in skating, there is no doubt that 
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tiie movement of his limbs entails a certain amount of rising and 
fallmg, as well as reciprocatmg motion and consequent loss which 
occurs in running 

Now, m theory, the wheel is perfect, and m the case of a perfectly 
hard, circular wheel, rollmg on a perfectly haid track, there should 
be no resistance This you can well imagme from the lantern model 
which I now show m operation In this there is no appreciable resis- 
tance, but it IS ]ust in this diiection that the wheel has defects 
imknown to nature^s methods, smce men and animals move upon the 
ankle joint in a quite superior way to the lollmg of" an ordinary wheel 
In passing I may remark that the more man improves the roads, and 
the higher his standard of locomotion becomes, the more will he feel 
the need of a mechanical walking machine (it will be a walking 
machine, though possibly moving at 20 miles per hour) to progress 
over paits of the earth where roads do not exist, or are still in an evil 
condition The better his mechamcal apphances for producing such 
a walking machine, the sooner will this come about, as this is reahy 
a vital factor in the solution of the problem No wheel, however, is 
quite hard and round, and no road is quite hard and smooth, and there 
is always an arc of contact, more oi less appieciabJe, which causes a 
loss, smce rubbing takes place instead of true rollmg, as shown m the 
next lantern slide The next lantern working model I show lUusti ates 
the other effect, m which the wheel meets obstacles and is deflected 
by them from its course, giving exactly the same kmd of loss which I 
showed you takes place with a man in walking, and v/hich is made 
apparent by malong the car write its own record on a piece of smoked 
glass, exactly as my assistant wrote his record of rise and faU on the 
blackboaid. 

Thus there are two ways in which the wheel can be improved 

(1) By peifectmg the wheel and hardenmg the track — and that is 
the secret of the development of the railway system 

(2) By causmg the obstacle to be absorbed m the tire of the 
wheel — that is the real secret of the success of the pneumatic tire 

The workmg model now on the screen illustrates the latter pomt, 
and shows at once how the three causes of lesistance to ammal loco- 
motion are overcome 

To-day we can replace the muscular energy of man by almost un- 
limited mechamcal power, and figure 3 is a comparative speed chart, 
which I have prepared and which indicates the enormous advance in 
the speed record which has been made over the best unaided muscular 
efforts of any ammal It is curious to see that the highest speed ever 
attained on a railway is closely approached by that obtamed with 
motor vehicles The records for the latter are as follows * 

The Darracq car of 200 horsepower has done 122^ miles an hour 
for 2 miles A Fiat car, driven by Nazarro at BrooHands, 120 miles 
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an hour, A Stanley steam car, 127 miles an hour, and a Benz car 
has done 127^ miles an hour* 

The maximum recorded speeds of a railway weie on the experi- 
mental Ime of Messrs. Siemens, on the Berlm-Zossen High Speed 
Railway, where a speed of rather more than 130 rmlcs an. hour was 
attamed The electric current employed was 10,000 volts, 400 home- 
power motors being used On the Manenfel-Zossen experimental 
hne, the speed attamed with 250 horsepower was apparently lather 



less, though m that locomotive foui motors were employed, the 
current bemg, as m the other case, 10,000 voltSf The lantern dia- 
grams are a picture of the vehicles actually employed, and of the 
track on which the expenments were made As a set-off against the 
sober engmeermg pictures, I show a picture taken from an American 
motor journal, illustrating a motor vehicle and locomotive at top 
speed, the foimer passing on a level crossing m front of the latter 
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The foi'egomg are the record speeds so far obtained of mechanical 
locomotion, and it will be interesting to see what are the record speeds 
attained m the other elements Until the other day, as IVlr Parsons 
told us in his lecture, the speed on water which has never been ex- 
ceeded was that of the ill-fated turbine boats, Viper and Cobra, of 
about 43 miles an hour The ship which at present holds the record 
for speed is the torpedo destroyer Tartar, budt by Messrs JohnThorny- 
croft, this, under Admiralty tests, gmng a speed of 41 miles an hour. 

The diagram (fig 4) shows in an interestmg manner what the 
progress m speed has been for this class of boats durmg the last few 



TiQ 4 — Speed records for Thomycroft v arships and motor boats 

years, and may be taken as typical, and about which cui ves Sir John 
Thomycroft writes as follows 

I do not think the curve would be materially alteied if vessels of other builders were 
brought in, although there would naturally be moie points on it 

I am able, however, to give you the results to-rught of something 
which has altogether put m the shade even the speeds of the two first- 
mentioned boats. This has been attamed by a boat which, ^ though 
correspondmg m Bome respects with previous hydroplane boats, has 
been designed by Sir John Thomycroft to possess a certain amount 
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of seaworthiness The rate of progress m the increasing speeds in 
this class of boat is shown on a separate curve (fig 4), from wliich 
you will see that the celebrated Miranda held as a hydioplane the 
record with the Tartar for speed, the Ursula also holdmg the record 
of about the same speed as a motoi boat Only a few days ago, how- 
ever, the new boat Ma'ple Leaf III has attained the extraordinaiy 
speed of nearly 50 knots, that is to say, a speed approaching GO miles 
an hour, usmg 600 horsepower to effect tins speed To use a vulgar 
expression, this certamly smashes all pievious lecoi ds for speed I do 
not pretend to give exact figures m this case, because such have not 
been officially taken, but the statement is f)robably on the low side as 
the boat has not been yet properly tuned up You will see one 
lemarkable thing from the curve, namely, that the rate of progress has 
been so rapid m tins class of boat, and the curve rises so steeply, that 
m about three months’ time there is due from Sir John Thornycroft a 
boat winch will travel at about 100 miles an hour I am afraid, how- 
ever, it would not be fair to press this graphical argument quite so far. 

Through the kmdness of Sir John Thornycroft and Mr Edgar, the 
owner of the Maple Leaf, I am able to show both the Miranda and 
the Maple Leaf III The hitter, you will see, is traveling at sucli 
an extraordmary rate that the water which is hfted up does not 
fall to the surface agam untd the boat itself has traveled several 
lengths away. You may be mterested to see a model of this last boat, 
which has been kmdly prepared for me to show to-night, as well as the 
Tartar and Miranda You wdl notice the form of the Maple Leaf 
III IS that of a steeped hydroplane, which m a modified form was 
first suggested by Mr Ramus many years ago, it is the secret of 
placmg the weight, and also the development of light engines giving 
large horsepower, which has enabled the dream of Mr Ramus to be 
fulfilled. 

Turnmg to the last of the three elements, namely, air, it was my 
intention to have dealt with it at greater length than I now find it is 
possible to do, but, thanks to the daily press and illustrated journals, 
this subject is as fresh m the mmds of everybody as it is familiar It 
is not necessary m this room to remark that the wild talk of almost 
incredible speeds has very httle foundation Bodies move quickly 
enough m the am, and very often far too quickly, but what is gener- 
ally overlooked is that the difficulty ol the problem hes in the matter 
of supportmg the body m the air rather than movmg through it, a 
problem which is very much simpler for land and water The 
human body itself, while of about equal specific gravity with water, is 
about 800 times as heavy as air, and probably, taken m conjunction 
with the motor and aeroplane, the weight which has to be supported 
is several thousand times as heavy relatively to the air which it dilsr 
places. Inasmuch as the support of the air necessitates the of au 
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inclmed plane and a corresponding expenditure of eneigy, the speeds 
made horizontally and mdependently of the wind haYe, at the present 
time, barely exceeded half the record speeds made on wheel vehicles 
As a matter of fact, only the other day the record for passenger flight 
was broken by M Nieuport at Mourmelon, when he flew with two 
passengers for Ih. 4m 58|s , and coveied 68 35 rmles at an average 
speed of 63 miles per hour. It is di£S.cult to say exactly what the 
true speed at present is round a course, but we may safely take it 
as probably under 70 miles an hour, the recoid bemg, so far as I 
have been able to ascertam, by M Nieuport on March 9 this year 
at Chalons — 68 miles 168 yards m the hour. 

We now see the relative position of the record speeds in the three 
elements on our speed chart (fig 3), and it is obvious that while on 
land the speed has been far exceeded of the fastest animal, on water 
it has probably only recently surpassed that speed, while m the au, in 
all probability, it is still considerably below it We must not, how- 
ever, from tins argue that flying speeds will for safe flymg machines 
rise so far beyond that of birds as land locomotion has risen above 
the speed of animals, for it looks as if the speed records on land 
would be at least equal for some time, if not greater, than that 
possible with safety m the aii\ At the same time there is no doubt 
that speed is the one great factor of safety in flymg, and aerial speed 
records are sure to go on rismg year by year, but time does not 
permit me to pursue this subject furthei to-night 

Instead of vague surmises as to what may be done in the future, 
let us spend a few minutes looking mto the question of these hmits 
The two chief thmgs on which the limit of speed m locomotion wiU 
depend are 

(1) The motive power available. 

(2) The resistance, and the manner in which those resistances 
operate 

But masmuch as we are not merely considermg the human body 
as a projectile, we do not take into account such speeds as have been 
attamed by man in such ways as, for mstance, m a high dive, say, of 
nearly 100 miles an hour, or even the thrilling descents such as are 
made m a bobsleigh We must really consider speeds which can be 
made with safety; and there ai^e two further questions winch aiise 

(1) Knowledge as to possible obstacles, coupled with a power of 
safely stoppmg withm the distance to which our knowledge extends, 
i. e signaling and brakes, 

(2) Vibration. 

These two latter really limit conditions of high speed for practical 
traveling 

In daily 3i£e the limiting conditions of speed m travelmg depend 
largely on the distance in which we can safely come to rest. As 
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tlie population increases and there is less room for everybody; the 
question of brakepower becomes more and more mipoitant; and 
with It; of course; the power of starting from rest quickly; or, to put 
it m scientific words, the power of rapidly effectmg both positive 
and negative acceleration We are very differently constructed from 
the particles of air m which we live, and do not yet travel as fast, 
but fortunately, as yet, we aie not quite so crowded, smce, accordmg 
to Loid Kelvin, they move about amongst each other at the ordinary 
atmospheric temperature and pressure at an average speed of 1,800 
miles an hour, and they can not avoid fewer than 5,000 milhon col- 
hsions m every second As you see m the streets, and as I shall 
show you with regard to suburban traffic, high speed is becommg 
more and more a question of starting and stoppmg rapidly I 
remember m the early days of cycle racmg, m order to lighten the 
maclnne, the racmg men had no biake, until they found what is now 
well lecognized — that the speed at which you can tiavel depends 
upon the safe distance m which you can stop I can illustrate this 
by dropping an egg from the dome of this buildmg, which I can do 
without causing it any mjury, even when it is traveling at 30 miles 
an houi, if I have proper means for brmgmg it to rest I also drop 
a wineglass from the same height and brmg it to rest quite safely 
Owmg largely to the perfection of the contmuous brake, the speed 
records obtained on several railways are from 96 to 98 miles an hour, 
which I have put down on the diagram, and it is possible that 100 
miles an hour has been reached, and even exceeded, but this is a very 
different matter from the highest express runnmg which is found 
really practicable You will see on the speed chart (fig 3) a hne 
indicating the average lailway speeds of the fastest runnmg (without 
stoppmg) for the 15 prmcipal railways of the' countiy The average 
distance of the quick runs is 51 7 miles, and the average fastest run- 
mng is 56,2 miles per hour On eithei side of this hne are the two 
fastest speeds namely, 61^ miles per hour for 44 J miles on the North- 
eastern Railway from Darlmgton to York, and the lowest of these is 
51 miles an hour, over the 51 miles from Viotona to Brighton on the 
London, Brighton & South Coast Railway This shows how little 
the high speeds of all the railways of this country differ from one 
another, and mdicates, at any rate for the present conditions, the 
highest speeds of travelmg found suitable to our wants 

I will take as another illustration of actual traveling the case of 
suburban traffic; and we have only time for one example, namely 
the traffic from the Mansion House to Ealing on the Metiopolitar 
& District Rahway, the details of which have been londly provided, 
by Mr Blake, the supermtendent of the hne Figure 5 shows in 
WW—m 1911 
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graphical form the quickening in speed from the opemng of the 
hne in 1880 to the present time You will notice that this mcrease 
of speed has been followed by remarkable results, the first immedi- 
ate result is the possibihty of a gTeater number of trams, and the 
curve of the rise m the number of trams is shown on the diagram, 
but the really significant feature is the rise m the number of passen- 
gers carried, 35,000,000-72,000,000, which is the direct result of the 
mcreased facility in traveling Now, it is in such a case that the 



importance of the sig- 
nalmg and brakmgcome 
to be almost preemi- 
nent, quite apart fiom 
the meie mechanical 
problem 

I may pomt out that 
the District Eailway, 
m common with most 
other electee railways 
of this country, has 
what IS laimvTi as a 
'Hracksystem of signal- 
mg,’^ which apart from 
the fact that the driver 
holds what is known as 
^^the dead man’s han- 
dle/’ which upon bemg 
released causes the ti am 
to stop, the tram mde- 
pendently stops itself 
upon coming to a por- 
tion of the line not 
cleared by the previous 


year 


tiain 


Fio. 5 


I have given you 


some examples that this countr}^ is not so far behmd as we are so 


often told, and we have another in the fact that the District Rail- 


way has created a most beautiful system, by which the signalman 
IS now absolutely independent of fog or darloiess, he can see every 
tram, or rather its picture, as it moves along the track m an illumi- 
nated diagram m front of lum No one could watch, as I have had 
the privilege of domg, the operation of this system in a signal box 
without feelmg certam that it must become umversal m a very short 
tune. You may like to see an actual panel from a signal box and a 
view of what the interior is like with the signalman operating, 
instead of cumbrous levers, only a few small handles. 
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With regard to the question of vibration and oscillation, these are 
gradually bemg diminished as machinery is perfected, and you vdl 
see from the model illustration that they are impoitaiit and may 
become very serious They have, for instance, given SIi’ Biennan 
much trouble m perfectmg his wonderful monoiail, mth which we 
shall yet perhaps see eveiy record broken, and you null lemember 
Mr Parsons’s statement in tins hall a week or two ago that an ounce 
out of balance on the Laval turbme repiesents an actual pull at the 
axle of no less than a ton 

Theie are many other features which I have not tune to enter 
mto There is one, however, which I will briefly touch upon, as it 
IS the secret of our safe railway tiavelmg I will fllustiale the mat- 
ter by an experiment m which a pair of wheels connected by an 
axle keyed firmly to both are made to run along a pan of rails You 
will notice that the wheels are coned” mstead of havmg cyhndrical 
runs, and it is easy to see that any movement sidewise is at onco 
corrected automatically, and withm certam hmits no iim at all is 
required for the flanges m order to keep the wheels upon the rails 
The same model illustrates the important pioperty of ‘^super-eleva- 
tion” apphed to the outer rail of a curve You wiii see, with proper 
super-elevation, the wheels run safely around this sharp curve even at 
a high speed Time does not permit me to enter at any length on 
the question of development of power or the nature of resistance to 
motion I will content myself with saying that with regard to the 
former we have already seen that the power of flight has been made 
possible by the mvention of the small high-power mtemal-combustion 
engme, and it is to the same invention that the marvelous speeds 
obtained with small boats is due We can scarcely realize what -will 
be the result when the mteinal-combustion engme has been developed 
fuither for the purpose of locomotion Our prospects of a further 
great advance m speed record brealcmg appears to he in this direction, 
and we already hear of a new car of 250 horsepower with which a 
speed of 140 miles per hour is confidently expected 

On water, as on land, our actual speed of travehng falls far below 
maximum speed records, and we do not commercially travel at much 
more than half the possible speed, as you see from figure 3, where 
the speed of the Mauretania is shown graphically Figure 6 is a 
chart of the progress of Atlantic shipping, takmg the Cunard Lme as 
an example, and these curves mdicate that the rate of inciease of 
horsepower and tonnage is nsmg far faster than the rate of speed 
and mdicates how relatively highly the rate of power has mcreased 
for the gam of speed 

We have now passed briefly in review the nature of the problems 
which confront us in our contmuous efforts to mcrease the safe and 
practical speeds of mechanical locomotion. We see that at the root 
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of it all lies the question of artificial poj^er and the harnessing in 
compact and convenient form the stored-up sources of energy in 
nature in order to overcome the opposmg resistance, and we can 
reahze that, although we have obviously reached the limits of animal 
locomotion, we are far from having reached any limitation in regard 
to the speed of self-propelled machines We see that in all three 
forms of locomotion — earth, air, and water — the advance has been far 
more rapid during the last few years than ever before, and we can 
reahze that there is yet a considerable margin by which speed of 
traveling could be increased as the demand for it is made, and 
nothing IS more certain than that the demand will be made 

I began my lecture by pomting out why speed was instinctively 
taken as a test and a measure of locomotion fiom the earliest times 



Jig 6 —Progress In Atlantic steamers (Cunard) 


Shakespeare makes one of his characters say, ^^The spirit of the time 
shall teach me speed, but he might have said this of any period 
equally with that of King John, though never more so than of to-day, 
for the changes in the requmeinents of civihzation, have only altered 
m detail, and speed is of as much importance as ever in the struggle 
of life The probably unconscious recogmtion of this fact has always 
led question of speed to be raised as prime factors in proposals for 
new modes of locomotion, and it is interestmg to look back only 
a comparatively few years to see, m raising these views, this was 
always the case, but how httle any ideas of future possibilities were 
reahzed. When Geoige Stephenson, backed up by a few courageous 
and enterprising men, was %htmg the battle of the railway and m 
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paiticular trying to secure the passing of the bill for improYed com- 
munication between Liverpool and Manchester, the question of speed 
was the most important one raised The opposmg counsel, Mr 
Harrison, spoke as follows 

When we set out with the original prospectus, we were to gallop, I know not at what 
rate, I believe it was at the rate of 12 miles an hour My learned friend, Mr Adam, 
contemplated — possibly alluding to Ireland — that some of the Irish members would 
arrive in the wagons to a division My learned friend says that they would go at the rate 
of 12 miles an horn with the aid of the devil in the form of a locomotive, sitting, as 
postilion on the fore horse, and an honoiable member sitting behind him to stir up the 
fire, and keep it at full speed But the speed at which these locomotive engines are 
to go has slackened Mr Adams does not go faster now than 5 miles an hour The 
learned sergeant (Spankie) says he should like to have 7, but he would be content to 
go 6 I will show he can not go 6, and probably, for any practical purposes, I may 
be able to show that I can keep up with him by the canal ^ ^ ^ Locomotive 
engmes are liable to be operated upon by the weather The wind will affect them, 
and any gale of wind which would affect the traffic on the Mersey would render it 
impossible to set off a locomotive engine either by poking the fire or keeping up the 
piessme of steam till the boiler was ready to brat 

The committee, after hearing the arguments of Mi\ Hamson, 
threw out the bill for the Liverpool & Manchester Railway by a 
ma]onty of 19 to 13 In order to reahze that the above ideas were 
general, the following may be quoted from the great journal of the 
day, The Quarterly 

What can be more palpably absuid and ridiculous than the prospect held out of loco- 
motives travelmg twice as fast as stage coaches? ^ ^ ^ We trust that Parliament 
will, m all railways it may sanction, limit the speed to, 8 or 9 miles an hour, which we 
entirely agree with Mr Sylvester is as great as can be ventured on with safety 

Even in more recent tunes we see the struggle for the road loco- 
motion question turned on one of speed, and the supporters of the 
new departure were unable to make any headway for many years, 
partly because the speed Imnt was put at between 3 and 4 miles an 
hour — that is, the hmit of a walkmg man A few years ago the 
speed of 12 miles an hour, which, after a great struggle, was oh tamed, 
gave place to 20 miles an hour You can see from the diagrams 
which Mr Legros gave m a recent paper before the Institution of 
Mechamcal Engmeers, and which have been bi ought up to date, how 
the speedier self-propelled vehicle is leading to the disappearance of 
the horse — at any rate in London — and the difhculty which most 
people seem to feel is not how to get above the speed limit, but how 
to keep within it, and the papers show, by a daily crop of sad exam- 
ples, how only too pamfully easy it is not to do so 
Nothing points more clearly to what I have indicated as the basis 
of our instinctive desire for speed, than the fact that our measure of 
speed IS entirely relative. Thus 60 miles an hour would be a slow 
speed for a motor car on a racing track, as seen by the speeds of the 
motor races at Brooklands last Saturday (March 25), but this speed, 
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which would be even quite good along the open road to Bnghton, 
would be considered decidedly on the high side for motoring along 
the Strand Our ideas of what is slow and what is fast are iai'gely 
derived from habit, and particularly from surrounding conditions and 
from our mode of estimation For instance, we have been earned m 
this hall during the last hour with the surface of the earth round its 
axis a distance of about 600 miles This speed would reqmre a line 
on our speed chart about as high as the dome of the hall to represent 
it graphically But if we judge the speed from observing the 
apparent rate of motion of the moon and stars overhead, we could 
nevei reahze this Far less could we reahze by the change m the 
seasons the speed at which we are traveling with the earth round the 
sim, accomphshmg a distance, as we do, of 540 million miles in 365 
days, which lepresents loughly, a distance of 60,000 miles per hour. 
We have thus traveled together, smee we came into this hall, a speed 
of 60,000 nailes The hne requued on our chart for this speed would 
be about as high as St Paulas Cathedral But these speeds fall far 
short of those of certain heavenly bodies with which we are famihar, 
such as the meteors, some of which are travelmg at 160,000 miles an 
hour, and the recent comet, which probably exceeded this speed one 
pait of its journey lound the sun, wheieas the fastest speed which 
man has, up to the present, been able to produce, even in a projectile, 
amounts to between 2,000 and 3,000 miles an hour (the Krupp 10 7 
centimeter having a velocity of 3,291 meters pei second, and a 6-mch 
Vickers, 3,190 meters per second) The highest projectile speeds we 
have attamed are thus only about one-tenth of the speed at which 
Jules Verne fired M Barbicane and his friends off, in order to over- 
come the earth^s gravity and reach the moon, since the speed he 
required was 12,000 yards per second, or 24,000 miles per hour. 
Such an idea we are quite justified m thmking absurd, but we might 
have been justifi.ed in thmking many of the things absurd which Jules 
Verne wrote about, only 40 3 ^ears ago, and which have since come 
to pass. Take Round the Woild in Eighty Days In that case it 
cost Phineas Fogg £19,000 to take himself and bis servant rotmd the 
world in 80 days A telephone inquiry of Messrs Cook an hour or 
two ago ehcited the fact that anyone present can start to-morrow 
morning •and go round the world, with a seivant, m less than half the 
above time, and for less than one-fiftieth of the above sum 
Thus though, impelled by mstinct, man will ever continue to strive 
to increase his speeds of traveling, and with the refinement of machin- 
ery and mvention doubtless succeed in doing so, it may be safely 
said that, notwithstanding the still mcreasmg upward angle on some 
of the speed lines of the charts I have shown to-mght, this rate of 
increase will before long begm to take place at a continually diminish- 
ing rate. Such feats as the journey from Pans to London within the 
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hour may be regarded as quite a feasible engmeeimg proposition m 
the future, though possibly a tube will be used for the purpose, 
without the employment of wheels, and with a modification of the 
pneumatic system of that great gemus Brunei We should, however, 
m doing this journey, be only travelmg at half the rate we are 
actually moving at this spot around the earth^s axis, while to do it at 
the rate we are travehng round the sun we should only occupy a 
quarter of a mmute This latter speed, apart from the fact that it is 
gettmg very near the pomt at which meteors fuse wth the friction of 
the earth^s atmosphere, seems to be quite outside the limit of the 
possibilities of artificial locomotion by man, but how far we shall go 
toward it, who can telL^ 

Note — Smce delivermg the above lecture, M Andi’6 Jager Schmidt, 
of the Excelsioi, has made a tour round the woild in 39 days 19 hours 
43 mmutes 37 seconds The cost of domg this was £242 8s The 
actual cost of the railway ticket round the world bemg £115, the rest 
bemg extra payment to msure expedition 

Further note^ February 14, 1912 — Smce the foiegomg lecture I 
showed that the curves of fatigue for metals comcided in a lemarkable 
way with the curves of fatigue for muscular effort given m fig. 2. 
The following statement of my remarks on this subject appears in the 
Proceedmgs of the Institution of Mechamcal Engineers for 1912 

Dr H S Helc’Shaw (member of council) said ho was responsible for the curveB 
which appeared on the diagram exhibited [fig 7], ‘‘Endurance of Metals,” and 
there seemed to be a gieat deal of curiosity amongst the members as to what cychng, 
ruunmg, and skatmg had to do with the subject of the paper A short time ago he gave 
a Friday evening lecture at the Royal Institution on Traveling at High Speeds, and he 
then gave, he believed lor the first time, the plotted records for muscular fatigue The 
records, as v/ould be seen, consisted of plotted curves for the highest speeds, that is, the 
greatest effoits, and the distances over which it was possible to mamtain those speeds, 
which speeds were repiesented by the vertical hnes m the diagram He thought e\ ery 
engmeer would at once understand without further explanation what the curves 
showed For instance, talang the runnmg curves, it would be noticed that it was 
possible for a man to run 100 yards at the rate of about 21 miles an hour, but if he ran 
for 100 miles he could only run at tlie rate of 7i miles an hour The same pnnuple 
applied to all the other records He did not wish to enlarge upon the details of the 
particular curves, but his assistant, Mr T E Beacham, B Sc , who drew them up, 
pomted out to him the remarkable similanty of the curves obtamed by the authors for 
the fatigue of metals, and his own curves for muscular fatigue One of the author’s 
curves was taken at random, and the scale altered, and it would be seen that it was 
exactly the same kind of curve as those on the musculai fatigue diagram The curve 
selected happened to be figure 31 [fig 7], which dealt with specimen Ho 29, and that 
was plotted m the dotted Ime shown m the diagram Now the question arose, Was 
there any reason for the similarity between the curve for muscular fatigue, and the 
curve for metal fatigue? It would be noticed, in the first place, that the results from 
the muscular teste corresponded to the breakdown in the metal testa The curves 
for muscular endurance were the final result of many thousands of efforts to achieve 
the greatest possible effect for a given speed and a given distance, and when the man 
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had achieved that object he had bioken down, at any rate, temporarily It was well 
known that in a lOO-^^urds race the man who made the gieateat effort, and put the 
greatest possible endurance into that effoit, was piactically absolutely exhausted, and 
this corresponded to tlie yielding of the metal specimen when it gave way It was the 
same with the man who lan 100 miles, but he could only mam tarn a less speed for that 
distance, the same result was obtained with the bieaking down of the metal under less 
stiess when the reversal of stress was further prolonged, and there was every reason for 
both kmds of curves being logarithmic in form as they weie Thus, muscular fatigue 
corresponded in a certain way to the endurance testa of metals 
It was only quite recently that physiologists had understood the reason of the limits 
of muscular endurance, which limit wis reached because of the foimation of the toxins 



m the muscles, and which toxins must be dissipated and the muscle renewed Thus, 
if a man made a cei tain effort, he could not renew the toxms sufficiently quickly to keep 
that e0oit gomg beyond a certam distance In the case of metals was there anythmg 
similar comparable with that‘s In that connection he approached a subject that had 
already been alluded to by previous speakers, though not in such a way as to account 
for the results he had referred to Scientists at the present time, did, however, know 
the reason, and had discovered an explanation of the extraordinarily puzzling phe- 
nomenon of fatigue of metals as well as of muscular fatigue He had before birp a proof 
copy of the most valuable and mterestmg lectures ^ that Hr Bosenham delivered 
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before the Institution, and lie asked the members to lead the‘esplanation, given in the 
clearest possible language, as to why a specimen which was subjected to repeated 
reversal of stiess must, according to the teaching of miciop]iotography, inevitably fail 
at a lowei stress than under the ordinal y test A certain niimbei ot ciystals always 
occupied an unfavoiable position, and they yielded at a ceitain stiess befoie the other 
particles yielded It they were allowed to remain in that new position they might 
possibly fix themselves there, but if the stiess was leveised the movement found these 
pai tides in a weakened state, and if it was again leveised they again gave way, and 
thus threw a gieater stiess on the surrounding particles, and at last caused fissures to 
form and a fracture to take place This was the ultimate cause of the apparent crys- 
tallization of a fractuied specimen Engmeeis used to be taught, only a little while 
ago, that a metal crystallized aftei a certam time when it was subjected to alteniatmg 
stresses A direct contradiction of that teaching was contained in Dr Rosenham’s 
lecfcuies As a matter of fact it was not a ciystallization The ciystals weie there 
before, and they were theie afterwards The facets which had a crystallized appear- 
ance were facets of fracture which weie giadually pioduced by the alternation of 
stresses, and thereby the breaking down ot the specupen was obtamed He thought 
the members would agree with him that one thmg was very apparent from the paper 
and the discussion, namely, the limited extent of oui knowledge of the subject After 
listenmg to the lemaiks of the authors and of the gentlemen who had taken part m the 
discussion, the members must feel they had a great way yet to go before the real nature 
of the many phenomena of the resistance ot metals was imderstood He trusted that 
more expemnents would be earned out, with the object of teachmg the members 
to realize what was actually going on m the materials they had to use, and at the same 
tune he desired to thank the authors for then extremely valuable experimental woik, 
which was of a character to aid the bmldmg up oi a sound theoiy of the subject 



EOBEET KOCH, 1843-1910 ^ 



[With 1 plate 1 


ByO J M 


Prof Koch was one of the great discoverers of medicine His 
researches have exercised a profound mflnence not only upon the 
development of medical science, but also upon the welfare of man- 
kind 

Born in 1843 at Klausthal, and educated at the Gymnasium, he 
studied medicme in Gottingen from 1862 to 1866 After a short 
period as assistant at the hospital in Hamburg, he commenced prac- 
tice m Langenhagen, Hanover In 1867 he removed to Rackwitz^ 
m Posen, where, in addition to carrymg on a country practice, he 
found time to study for and to take a degree in physical science. In 
1872 he became district surgeon in Wollstem It was while at WoU- 
stem that Koch’s attention was first senously turned to the inter- 
pretation of infectious diseases The study of the work of Pasteur 
and his pupils on fermentation and putrefaction, and of Lister on 
the antiseptic treatment of wounds, led him to the conclusion that 
the etiology of infection was not to be found in miasmata from the 
soil, as commonly entertained at this time, but much more prob- 
ably, m the entrance mto the tissues of microbes, and their multipli- 
cation therem. 

At the time Koch commenced to mvestigate infectious diseases, 
bacteriology had become differentiated as a department of scientific 
inquiry, but the methods proper to the new science were not 
developed and, although a number of cardinal facts had been brought 
to hght, knowledge on the subject was chaotic, and advance tem- 
porarily checked Diseases of man and animals presented unlimited 
problems, but the means to attack them were lacking The means 
which led to the next important advances were supplied by Robert 
Koch, who possessed that rare combination of intellectual quahties 
which enabled him, not only to see what was the next question to 
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ask of nature m order to advance one step further, but also to devise 
experimental methods which insured an answer to this question 
In this last faculty Koch was preeminent, and the methods of this 
youngest of the sciences are to a large extent the methods of Robert 
Koch 

Two of his earliest papers — that on the etiology of anthrax, 
founded on the life histoiy of Bacillus anthracis pubhshed m 1876, 
and that on experiments on the etiology of wound infections, pub- 
lished in 1878, written when district surgeon at WoUstein — have 
become classics This work was carried out in addition to the 
duties of a practitioner of medicine, and without the assistance of 
any laboratory equipment beyond a good microscope PoUender 
and Davame had seen the anthrax bacillus 20 years earhei in, 
the hlood of infected ammals, and in 1863 the latter had shown that 
the blood containing the bacilh was capable of infectmg ammals, if 
inoculated into them That these bacilh were in reahty the cause 
of the disease was, however, controverted Koch reasoned that as 
the disease remauied attached to certam pastures, if the anthrax 
bacilli were the hving virus, they ought to grow outside the body as 
well as inside He succeeded in cultivatmg many successive genera- 
tions of them m broth, and also watched their growth upon a hot 
stage He discovered that they formed spores when grown outside 
the body or when blood containing them was allowed to dry; deter- 
mined the greatly inci eased lesistance of the spores to physical and 
chemical agents, and showed that as long, and only as long, as the 
broth or dried mateual contained bacdh or spores capable of propa- 
gatmg themselves, these remamed infective for animals. 

The xmpoitance of the anthrax work can hardly be overestimated. 
It afforded for the first time convmcmg proof of the causal relation 
of a particular bacillus to a particular disease. Owing to the unmis- 
takable character of the bacillus, and its presence m large numbers 
in the blood of mfected animals, its study could be profitably under- 
taken with the means available 

Koch was unremittmg m his efforts to improve his microscopical 
technique, and m the same year pubhshed a paper on the investiga- 
tion, preservation, and photographmg of bacteria, m winch an 
account of the preparation and staming of dry films is given The 
method described is very much that still in daily use The paper 
is accompanied by photomicrographs of bactena, the excellence of 
which is rarely equaled at the present day. Koch pointed out that 
he had persevered in this work because he was obsessed with the 
idea that the hitherto conflicting results of investigations on the 
causation of infective diseases had then foundation in the incom- 
pleteness of the methods used 
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Koch's interest m tranmaoic infections diseases seems to have been 
stimulated by the disasters due to these causes among the wounded 
in the Franco-Prussian War The lesults of Lister's antiseptic 
methods had demonstrated that means diiected agamst the infec- 
tion of wounds with microbes obviated these diseases Miciococci 
and bactena had frequently been found in pus, diphtheiitic ulceia- 
tion, in the tissues at the edge of advancing erysipelas, and m pysemic 
deposits Microorgamsms had also been discoveied in the blood of 
relapsing fever and puerperal fever Fuither, Coze and Fcltz and 
Davame had moculated labbits with the blood of patients dead of 
puerpeial fever, and had succeeded m cairying on the infection 
thiough successive generations of these animals Neveitheless, the 
evidence that a particular orgamsm was the cause of a particualr 
disease was fai from conclusive Many observer concluded that 
bactena were umversally present in the normal body Others faded 
to find any organisms in obviously septic conditions Theie was no 
practicable means of separating one coccus from another coccus, and 
bacteria of identical appearance were found to be associated with a 
vanety of diseases The parasitic nature of traumatic diseases was 
probable, but unproven 

Koch began his work on traumatic infective diseases with the con- 
VLotion that the most fruitful Ime of mvestigation would be a com- 
parative one, namely, to mduce septic mfections in animals and see 
whether they would breed true" upon successive remoculations, 
controUmg the experimental observations by careful micioscopic 
exammation throughout He used lor the. purpose of mfectmg his 
ammals putrid seium or bouiUon This, he found, contamed a large 
variety of organisms of different sizes and shapes, which he was 
unable to sepaiate from one another He hoped that, nnplanted 
into the body of an animal, a selection might occur, and only those 
pathogemc for the particular species survive His anticipations were 
justified, and the mjection of small quantities of such materials was 
followed, m a number of instances, by the development of a fatal 
illness with the presence m the blood of one only of the many forma 
present m the origmal material He was able to carry on the disease 
from one ammal to another, always with the same symptoms and the 
presence of the same orgamsm Moreover, if the same material con- 
taimng a vanety of orgamsms weie injected mto animals of different 
species, one microbe flourished m the one species and another in the 
second, showing that a paiticular microbe could establish itself in one 
animal and not m a neighbormg species 

The ammal body is, as Koch said, an excellent apparatus for pure 
cultivation, and he succeeded to some extent m doing what had been 
the stumbling block to all progress, namely, to isolate one organism 
from another. 
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The publication of these three papers laised the hitherto obscure 
physician of Wollsteiii to the first rank of scientific investigators, but 
they were merely the beginning of his scientific career Their 
importance and the genius of their author was recognized by Struck, 
the enlightened director of the German health office, who invited 
Koch to accept a position m that depaitment The chemical and 
hygiene laboratories attached to the department had been exten- 
sively equipped, but bacteriology was naturally unprovided for A 
loom was, however, found for him, and m these humble surroundings 
he settled down to pursue his mqmries He was soon joined by 
Loeffler and Gaffky, who became his first assistants The three 
worked together enthusiastically in the one room, fittmg up the 
laboratory, mventmg apparatus, and improving methods The 
great problem confrontmg them was to find a practicable means of 
obtaining a pure culture outside the body Koch accomphshed this 
by the simple expedient of addmg gelatm to the nutrient medium 
The gelatm-contammg medium was moculated whilst warm with a 
minute amount of the material, poured in a thin layer upon a plate 
and allowed to set In this way bacterial colonies origmating from 
individual microbes were obtamed Portions from the colonies were 
subsequently sown mto separate tubes of broth or other fluid suitable 
for their growth The discovery of this techmque made advance 
possible 

Another line of investigation undertaken at this time, on account 
of its importance in the techmque of bacteriology, was concerned with 
dismfection and sterilization The experiments of Koch and his 
pupils, made upon pure cultures of pathogemc bacteria, is the foun- 
dation upon which aU later work on tins subject has been built It 
also led to the substitution of the more convenient steam steriliza- 
tion for dry heat 

One can not emphasize too strongly to what a large extent Koch 
provided the tools of mquiiy at each stage in the development of 
bacteiiology, but he did not lest there From 1880 onward followed 
a period of extraordmary activity In a dozen years the etiological 
factor of 11 important human diseases — tubercle, cholera, typhoid, 
diphtheria, erysipelas, tetanus, glanders, pneumonia, epidemic menin- 
gitis, mfluenza, and plague, as well as numerous ammal diseases — 
was discovered by Koch and his pupils 

After the completion of his work on anthrax Koch's individual 
efforts were directed more particularly to the discovery of the mfec- 
tive agent m tuberculosis, whilst diphtheria and typhoid were bemg 
investigated by his assistants, Loeffler and Gaffky, The work of 
Klencke and ViUemm and the further experiments of Cohnheim and 
Salomonsen, had established that the disease tuberculosis was due to 
an infective agent which was capable of propagatmg itself in the animal 
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body Miliary tubercles were examined microscopically for some 
signs of a microbe, but for long without success At last, by a modi- 
_ fication in the method of stainmg, a fine bacillus was discovered, and 
Its presence in the majority of preparations established Efforts to 
grow the organism m pure culture at first failed, but subsequently, 
by infinite patience, he succeeded in growmg it upon coagulated 
serum Once isolated and grown upon a succession of media, the 
establishment of the bacillus as the etiological factor presented no 
difficulty, and at the Physiological Society m Berlm on March 24, 
1882, Koch presented the proof that he had discovered the cause of 
one of the most widespread and dreaded of human diseases 

From the discovery of the cause of a disease, its pievention oi cure 
does not necessarily follow, but m the campaign against an enemy it 
IS of first importance to be acquainted with his nature and peculian- 
ties Koch interested himself, at once, m studying the life history 
and methods of warfare of the tubercle bacillus These studies weie, 
howevei, interrupted Cholera was in Egypt and threatened Europe, 
and the German Government organized a commission, with Koch as 
leader, to proceed to Egypt to study the disease, and draw up recom- 
mendations for dealing with it, should it reach Germany Shortly 
after reachmg Egypt the outbreak theie ceased In the meantime, 
however, Koch had obtained important information leading him to 
suspect a particular comma-shaped bacillus as the specific cause of 
the disease The material for the furtherance of his inquiry having 
failed m Egyq)!, Koch pioceeded to India, where cholera is endemic, 
and completed his mvestigations He satisfied himself that the 
comma baciUus was the constant companion of the cholera disease, 
that its abundance was commensurate with the seventy of the 
attack, and that it penetrated beneath the epithelium in the affected 
part. He never succeeded in obtaining it from the healthy or dis- 
eased intestine, other than in the case of cholera It was com- 
paratively easy to obtain it in pure culture, and its charactenstics 
were studied, but the completion of the evidence to convict this 
organism was lacking, as a true cholera process can not be artificially 
produced in any of the laboratory animals Incidentally, whilst in 
Egypt, he discovered amoebsB in dysentery, and the bacillus responsi- 
ble for the widespread ophthalmia m that country 

As previously mentioned, at the time Koch was ordered to Egypt 
to mvestigate cholera he was engaged m the attempt to discover 
some means to modify the infection by the tubercle bacillus in the 
animal body Proceeding on the assumption that the tubercle 
baciUus exercises its pathogenic effects by means of a chemical poison, 
Koch investigated the action of the dead bacilli and their products 
upon normal ammals, and also the effect of a previous injection with 
dead bacdli upon a subsequent moculatxon of livmg ones This 
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led to the impoitant obseiyation that m animals pieviously lieated 
mth dead bacilh the later inoculation of living oiganisms occasioned 
an energetic local reaction; leading in some cases to then destruction 
From his experiments he was led to the conclusion that; not only 
could a guinea pig be immumzed against tubercle by lepeated injec- 
tions of the products of tubercle bacillus; but that the same tissue 
reaction could be stimulated, and the disease brought to a standstill 
by this means. Later C1890) he published his well-known results 
upon tuberculin, by means of which tuberculosis could be not only 
diagnosed, but m the eaily stages might, he hoped, be cured The 
possible remedy was enthusiastically welcomed by the whole world 
Medical men thronged to Berlm from all parts to see the results of its 
application The treatment was apphed to all sorts of cases in what 
we now know were colossal doses The results were disappointing, 
and in many cases disastrous The premature pubhcation of his 
results with tuberculin was a misfortune, and the failure of the 
tieatment obscured for the time bemg the great value of Koch^s 
work, and even exposed him to opprobrium Koch had, however, 
made a great disco veiy, but underestimated the potency of the agent 
he had bi ought to light. Tuberculin is an invaluable diagnostic for 
early tuberculosis in man and animals, and is universally employed. 
Since 1S90 it has been consistently employed by a number of physi- 
cians all over the world for the treatment of tubercle with what appear 
to be beneficial results, and of lecent years its employment has again 
been resuscitated by Wright It is now administered in much smaller 
doses, and with careful observance of the effect of each injection 
Durmg the next eight years, 1891-1899, Koch was occupied with 
investigations into a large number of diseases of men and animals. 
The hst mcludes leprosy, rmderpest, plague, surra, Texas fever, and 
malaria These investigations necessitated his spendmg much of his 
time abroad It would be difficult to judge just how much of the 
knowledge gamed upon these diseases to attiibute to Koch, as he was 
accompanied by one or more distmguished workers, as in the case of 
the German plague commssion which visited India. It is veiy clear, 
however, from the published reports and papers, that the msight and 
experience with which he directed the mquines materially eniiaiiced 
our knowledge of the causation and means of spread of these diseases 
Koeffis work upon malaria needs special mention. Whilst in trop- 
ical countries, Ins attention was naturally drawn to tins disease 
Laveran’s discovery of the malarial parasite had been made, but the 
mechamsm of the spread of the disease was unloiown Mansoffis 
discovery that filaria was inoculated by the mosquito, Theobald 
Smith's proof that Texas fever was transmitted by ticks, and Bruce^s 
demonstration that the tsetse-fly disease was due to a protozoan para- 
site, and merely conveyed by the fly, suggested to Koch, as to others, 
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that malaiia might be transmitted by a bitmg msect He was, mdeed, 
engaged upon experiments with mosquitoes, and had nearly satisfied 
himself that malaria was thus transmitted, when Ross pubhshed his 
results Koch was, however, largely instrumental in showing that 
the three types of malaria were associated with tliree distmct parasites, 
and that none^of these were mfective for the lower animals, a result 
of gieat importance, from the point of view of malaria prophylaxis 
He also cleared up the difficulty as to the reser^^oir of the disease m a- 
population the adults of which could not be found to harbor the para- 
site by showing that the young children, even to the extent of 90 to 
100 per cent, were infected 

In 1901 Koch reported to the Bntish Congress on Tuberculosis the 
lesults of experiments which he had carried on during the preceding 
two tears m conjunction with Schutz upon the pathogenicity of the 
human tubercle bacillus for domestic animals Bnefly stated, Koch’s 
mam conclusion from their experiments was that human tuberculosis 
diffez*s fiom bovme and can not be transmitted to cattle The far 
more important question “Is man susceptible to bovme tubercu- 
losis?” was then considered No direct experimental proof of this 
converse proposition is possible, but from the fact that men — and par- 
ticularly children — consume large quantities of bovme tubercle 
bacilh m milk, and yet tuberculosis of the mtestine is rare, Koch con- 
cluded that man is httle if at all susceptible to the bovine variety of 
the bacillus He pomted out that the question whether man is sus- 
ceptible to bovme tuberculosis at all was not decided, but expressed 
the behef that mfection of human bemgs is of so rare occurrence that 
it is not necessary to take any measures agamst it It was the last 
conclusion that caused so much consternation, as most countries were 
embarked m considerable expenditure with a view to imnnmzing the 
chances of mfection by milk and meat, Koch may have been unwise 
m statmg liis views, but he did so with the conviction that bovme 
tubercle is not an important source of mfection, and mth the earnest 
desire that we should not squander our energies in subordinate direc- 
tions, but should concentrate them m efforts to diminish man-to-man 
mfection through the respiratory tract 
The importance attached to a considered opmion of so distmguished 
an authority led to the appointment of numerous commissions of in- 
quiry m Europe and America Of these the work of the English 
Royal Commission has been the most extensive. These mvestiga- 
tions have shown that the sharp distmotion between the two varieties 
though usually manifest, is not so absolute as Koch supposed, and 
that bacilh of the bovme type are not so uncommonly found in human 
mfections as he was led to beheve The frank expression of opinion 
by Koch on this subject has been the stimulus for an enormous 
38734°--sm 1911 12 
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amount of valuable work in connection wxtii tubeiculosis throughout 
the civdized world, but the relative importance of infection from one 
another through sputum and from bovmes through dairy produce 
IS stdl an open question, and will not be settled for many j^-ears to 
come 

Before closmg this sketch of his life work, it remams to add a few 
words upon Koch as a teacher In 1885 he removed from the health 
department and became a professor m the faculty of medicme and 
director of the new hygiene mstitute, attached to the University of 
Berlm Here, with the help of his assistants, numbers of those who 
later became leadmg bacteriologists m all countries were tramed m his 
methods and endowed with some portion of his enthusiasm and earn- 
estness The admiration with which he was regarded by his pupils, 
and til© absolute faith winch he mspned, amounted m many cases to 
actual worship, and afford further evidence of the essential greatness 
of the man 

Amongst the numerous honors conferred upon him by scientific and 
academic bodies throughout the civilized world was the foieign mem- 
bership of the Royal Society, to which he was elected m 1897 

Tliero have no doubt been many discoverers ab great as Koch, but 
it must be seldom that one has been so mdividually associated vuth 
the development of a science Bacteriology has to so great an extent 
grown up around Koch that the title Father of Bacteriology’^ has 
been conferred upon him by his admirmg compatriots. 
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The most distmguished son of a very distinguished father, Joseph 
Dalton Hooker, was born atHaleswoith, in Suffolk, on June 30, 1817 
Early in 1820 his father was appointed by the Ciown to fill the chair 
of botany in the Univeisity of Glasgow, a post winch he held until, 
m 1841, he became director of the Royal Gardens at Kew As a 
consequence Hooker was educated in Glasgow, ■})as^mg thiough the 
high school to the univeisiy, from wlucOi he obtained the dogiee of 
M D in 1839 Devoted as a lad to llio leadmg of works of travel, 
VC learn from Hookei lum&elf that he was esp/^cialh impiessed by 
Turner ^ description of tji(3 Ilimala^ an Peak of Cliunilari, and liy the 
account of the Antarctic inland of Keiguelen contamed m Cook's 
voyages An opportunity of im"estiga1ing the lattei came to him 
very early in liis caieer "When lie completed his medical studies, 
Hookex entered the Roj^al Navy as an ->uiccon, and was 

gazetted to the EreluSj then about to slan, fdong v lU* ’I'e Terror, 
on the famous Antaictic expedition led by the eminent nangatoi Sir 
James Clark Ross Thioughoui tlu^ expedition the joimg assistant 
surgeon held ■" 'J ^"•''tanist, iincl duiing its Lhi*eo vcais' cruiso m 
the southern seas ne was able to visit Now Zealand, Australia, 
Tasmania, Kerguelen, Tierra del Fuego, and the Falldand Islands, 
amassing large collections and acquiiing a vast amount of botanical 
inlormation 

SIioilIv after the close of tins expedition, TIookei, in 1843, became 
ashibtant to Giaham, then professor of botany in the UnivoToity of 
Edmbuigli, and m 1845, ivhon Giaham was succeeded by the cldei 
Balfour, Hooker was appointed botanist to the geological smvey of 
Great Britain Much of his lime during tins peiiod was dovoiod to 
the preparation for publication of the results obtained during the 
course of his Antaictic voyages But m 1817 this work ivas tem- 
porarily suspended, and Ins appoiutincnt on the geological suivey was 
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relinquished, in order that Hooker might add, by further tiavel, to 
his first-hand knowledge of the vegetation of sub-Antarctic and tem- 
perate regions, a correspondmg acquaintance with the botany of 
tropical countries The region selected was northeastern India, then 
a practically unexplored tract. The undertalong, onginally designed 
as a private enterprise, through a series of happy accidents received 
official recognition, and the expenses involved were to a partial 
extent met from pubho funds. Hooker loft England m November, 
1847, reaching India in January, 1848. After some three months 
spent m the Gangetic Plain and Behar, durmg which he ascended the 
sacred hill of Parasnath, Hooker made his way to the Himalayas, 
reaching Darjeelmg in wSikkim m the middle of April The next 
two years were devoted to the botanical exploration and topo- 
graphical survey of the Himalayan State of Sikkim and of a number 
of the passes which lead from that country into Tibet, if he did not 
actually reach he at least had opportumtios of seeing the noble peak 
of Chumlan, which had helped to fire his youthful ambiuon to become 
a great traveler Towaid the close of the year 1848 Hooker had an 
opportumty, which has come to no one since, of crossmg the western 
frontier of Sikkim and exploring a portion of eastern Nepal. During 
the greater part of the time spent in the eastern Plimalayas, Hooker 
traveled and surveyed alone, but in October, 1849, he was jomed by 
Dr Campbell, the superintendent of Darjeeling, who had obtained 
official authority to visit Sikldm. Shortly after Campbell joined 
him, the Siklnm authorities seized the opportumty thus offered to 
imprison and maltreat Campbell, at the same time confining Hookei, 
whom, however, they rcfiamed from injuring The captives were 
released toward the end of December, 1849, and the next three months 
were spent by Hooker m <imnging D.irjeehng his vast collections. 

Early m 1847 Dr. Thoni.i ^ Tiioi-i-on of the Indian medical sci vice, 
son of a colleague of the elder Hooker m the University of Glasgow, 
and an old classmate and intimate fiiend of his o\vn, had been deputed 
by Lord Hardmge to visit and report upon certain portions of the 
western Himalaya and Tibet. This mission completed, Thomson 
made his way to Darjeelmg in order to join Hooker, and the year 1850 
was devoted by the two friends to the botamcal investigation of 
eastern Bengal, Chittagong, Silliet and the Khasia Hills. 

On Ins return to England in 1851 Hooker resumed the task of 
pubhshmg his Antarctic results, and began, m conjunction with Thom- 
son, to elaborate those of the Indian journeys The collaboration of 
the two friends in the picpaiation of a ^'Elora Indica/^ the first and 
only volume of winch appeared m 1865, ceased when Thomson 
returned to India, and the a])j;oinlrnoid of Hooker in that year to 
the poat of assistant diiector at JKLew under his father brought with 
it duties more than adequate to occupy the tune and attention of an 
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ordinary official The performance of these duties, however, did not 
impede his Antarctic studies, and in 1860, which saw tlie completion 
of the great work on the botany of the Antarctic voyage. Hooker was 
able to add still further to his extensive knowledge of topographical 
botany. In the autumn of that year he was asked by Capt Wash- 
mgton, hydrographer of the Royal Navy, to take part in a scientific 
visit to Syria andPalestme. ‘ In the course of this journey he ascended 
Lebanon and mvestigated the history, position, and age of the cedar 
glove which has made that mountam a household word, but of which 
imtil then nothmg was accurately known 

On the death of the venerable Sir WiUiam Jackson Hooker in 1865, 
Hooker was appointed director of the Royal Gardens, Kew, m suc- 
cession to his father. This position he held durmg the next 20 years 
The engrossmg work and added responsibihties of this period did not, 
however, prevent Hooker fiom takmg his full share of those pubhc 
duties which naturally fall to the lot of men of his emmence He 
presided over the thirty-eighth meetmg of the Bntish Association 
held at Norwich m 1868, and over the department of zoology and 
botany in the biological section at the meetiag held at Belfast m 
1874. In 1873 he undertook the arduous duties of president of 
the Royal Society, and occupied the presidential chair for the next 
five years. Nor did these duties entirely debar him fiom further 
botanical travel. In 1871 he undertook, m company with the late 
Mr. Ball and Mr, G. Maw, a botamcal expedition to Morocco and the 
Atlas Range; m 1877, in company with his intimate friend. Dr Asa 
Gray, and with Dr. Hayden, of the Umted States Survey, he took 
part m an important botamcal journey to Colorado, Wyoramg, 
Utah, the Rocky Mountains, the Sierra Nevada, and California. 

From the tune of his retirement m 1885, Hooker’s life was spent 
at The Camp, neai- Sunningdale, where he had built for himself a 
home, the grounds of which, furnished with all the advantages that 
knowledge and taste can provide, contain one of the most interesting 
collections of plant forms in this country. Here he devoted himself 
with the energy and enthusiasm of one commencing his career to the 
comjiletion of taslts already m hand and to the nniiation of new ones. 
Ihs critical acumen, which remamed unaffected by advancing age, 
and his physical vigor, which became seriously impaired only a few 
weeks before his death, enabled him, m the freedom fiom administra- 
tive dnties which retirement had brought, to accomplish work which 
as regards its amount must be considered the ample harvest of a 
hfctimc, and as regaids ilo quality, and no hTUci iTbiib' c add uili 
be bestowed fully sustamed the reputation of hi- 'Mihcj pnbJiCjtion-, 

The Avork which Hooker accomplished can bo but biiefly outnned 
hole Space foibid.s a complete enumeration of his maiij contribu- 
tions to natuial knoAvledge, all that can be done is to endeavor to 
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indicate tlie various lines of Ins intellectual activity, and to note how 
these were affected by the leading events in his peisonal Instory 
'Whole still an nndergradnate, Hooker had been at work in his fathei^s 
herbarium in Glasgow The earhest of his results appear in a paper 
on Indian mosses, ^written m collaboration with the late Pi of Harvey, 
which was pubhshed in 1840, shortly after he had jomed the expedi- 
tion under Ross. Woik connected with cryptogamic plants was one 
of his strongest early inclmations, for some of the most important of 
his papers, prepared during the years 1844 to 1847, when he had 
returned from the Antarctic, deal ivith the hepatics, lichens, mosses, 
and alg8B of the southern circumpolar regions But a piedilection for 
woik on fossil botany manifested itself almost as early m Ins career, 
another early paper, written and pubhshed in 1842, while still 
botanist on the Erebus, deals with an examination of a Tasmanian 
fossil wood As his general work on the Antarctic material he had 
accumulated made progress, we find, however, that his cryptogamic 
work came to be done more and more in collaboration with workers 
who had made some particulai lower group their special province 
The botanical results of the Antarctic voyage occupy six quaito 
volumes subdivided mto three sections (1) The Flora Antarctica, 
completed in 1847, before he left for India, (2) the Flora Novre 
Zelandiae, issued m 1853, aftei his return from the East, and (3) the 
Flora Tasmamse, published in 1860, after he had become assistant 
director at Kew 

But the preparation of the first section of the Antarctic work did 
not impede his activities while connected with the geological survey 
between 1845 and 1847 Before undertaking the duties of the post 
he had already given attention to problems connected with fossil 
botany, while attached to the survey he prepared during 1846-47 
several important papers on the subject, the most notable of these 
bemg a discussion of the vegetation of the Carboniferous period as 
compared with that of the present day, which w^as pimted m 1848 
But lus interest in the subject did not end with the severance of liis 
connection with the geological department, two interesting papeis on 
fossil botany from his pen weie published in 1855 After his appomt- 
ment as assistant director, however, he made no fuither formal con*- 
tiibution to knowledge in this particular field His Antarctic work 
and his duties in connection with the geological survey did not, 
however, suffice to occupy all his time prior to his departure for 
India. He drew up an Enumeration of the Plants of the Galapagos 
Archipelago, issued in 1847, and collaborated with the late Mr 
Bentham m preparing the Flora Nigntiana, mcorporated by Sn 
W. J. Hooker in the Niger Flora, published in 1849 

Some of the results of Hooker's Indian observations, notably those 
relatmg to his journeys m the Indian plains, were published by the 
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Asiatic Society of Bengal in 1848 But if on his return to England 
in 1851 he reverted with eneigy to the elaboration of his Antarctic 
lesults, the Indian material was not neglected He began, m col- 
laboration with Thomson, that Flora Indica, the issue of which in 
1855 has already been alluded to In connection with this woik two 
sumptuous illustrated folios were issued, the fiist, on The Rhodo- 
dendrons of the Sikkim-Himalaya, was edited from Hookei^s notes, 
sketches, and material, by his father, between 1849 and 1851, the 
second, Illustrations of Himalayan Plants, chiefly made for an Indian 
friend, Mr Cathcart, in the Darjeeling neighborhood, was edited, 
with descriptions by Hooker himself, in 1855 

This was, however, by no means all that he was able to accom- 
plish In addition to the families formally described in the solitary 
volume of their Flora Indica, Hooker and Thomson discussed in the 
Linnean Society^s Journal various pioblems of interest relating to 
individual Indian plants, and issued a series of papers, Prgecuisoies ad 
Floram Indicam, dealmg moie completely with a number of impor- 
tant natural families Finally, Hooker’s Himalayan Journals, one of 
the most fascmatmg books of travel m our language, in which his 
Indian journeys are dealt with generally, was issued m two octavo 
volumes m 1854 Probably no botanical field work has proved more 
fertile m mterest or provided material of greater value m the discus- 
sion of biological and phytogeographical problems than that done by 
Hookei Yet great as were his botanical results and pardonable as 
it is in the bontamcal worker to look upon these as Hookei ’s highest 
achievement, it is doubtful whether the topographical results were 
not of even greatei moment, These results, reduced by Hooker him- 
self, with the assistance, as he tells us, of various Anglo-Indian 
friends who came under the magic spell of his personality, were 
arranged at Darjeelmg duimg the early months of 1851 They 
formed the basis of a map, published by the Indian trigonometrical 
survey, with the aid of which, such is its accuracy and its detail, the 
operations of various campaigns and political missions have been 
earned to a successful issue. 

The 10 years during which Hooker was assistant director at Kew 
were marked by extraordmary activity The time that could be 
spared from executive duties was far from being entirely absorbed m 
^tarctic and Indian work In 1862, and agam in 1864, he dealt 
with important collections of plants from Fernando Po and the 
Oameroons m papeis valuable m themselves andm the evidence they 
afford that his mterest in the flora of the Dark Continent, first evinced 
m 1847, had never abated This interest showed itself once more in 
a paper of 1876, which may be mentioned out of sequence, on the 
siibalpine vegetation of Kilimanjaro In this case, however, the 
interest was associated with another which had guided much of hia 
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Antarctic study and had manifested itself in 1856 and in 1861 m 
dealing with the Arctic plants collected during the Frankhn searches 
and the McClmtock expedition. The problems mvolved were dealt 
with in a comprehensive fashion in 1861 in HookeFs classic. Outlines 
of the Distribution of Arctic Plants A group of kindred problems 
had presented themselves to Hooker when engaged iti the study of 
the vegetation of the more outlying Antarctic and sub-Antarctic 
islands, and subsequently when dealing with the plants of Galapagos 
To this period, therefore, we may most properly ascribe the formation 
of the views enunciated in a notable discourse on Insular Floras, 
delivered at the meetmg of the British Association at Norwich m 
1866. Yet another alhed group of problems called for consideration 
in connection with his Antarctic, Indian, and African studies; his 
conclusions with regard to these are stated m his Introductory Essay 
to the Flora of Tasmania, published m 1860, the opmions there 
expressed on the ongmation and distribution of species suffice to 
explam the action which Hooker took when, in conjunction with 
LyeU, he had induced Darwm, in 1858, to publish a preliminary 
sketch of his famous hypothesis 

To the same period of his activities belongs the share taken by 
Hooker between 1858 and 1864 m the preparation of Thwaites’s 
enumeration of the plants of Ceylon To this period we owe, more- 
over, the codification of the results given in the second portion of 
the Aintarctic flora m the form of a Handbook of the New Zealand 
Flora, contributed to the series of Colonial floras published under 
Government authority The work was issued m part m 1863, the 
concludmg portion was published m 1867, shortly after the peiiod 
had come to an end But to this penod we owe, m addition, various 
important special studies on the structure and affinities of Balano- 
phoresB, published m 1856, on the origin and development of the 
pitchers of Nepenthes, in 1859; and on Welwitschia, m 1863 The 
most obvious result of HookeFs visit to Syria m 1860 is a paper on 
the cedars of Lebanon, Taurus, Algeria, and India, published in 1862, 
In this article a subject of great mterest and considerable difficulty 
is handled with masterly skill But the journey bore further fruit 
m the form of a singularly pleasmg sketch of the botany of Syria and 
Palestme, contributed m 1863 to Smith's Bible Dictionary Exten- 
sive and important as these various contributions to botanical knowl- 
edge are, they do not include aU that Hooker accomplished while 
assistant directoi , the most onerous and important undertalang ini- 
tiated durmg this period has still to be mentioned In renewed col- 
laboration TOth Mr Bentham was commenced one of the oustandmg 
botanical monuments of the nmeteenth century, m the form of a 
great Genera Plant arum, of the three volumes which this work 
includes^ the hist was completed in 1865, 
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Hooker's succession in tliat year to the directorship of Kew brought 
with it all the responsibilities connected with the adniinistration of 
that national institution These, however, did not prevent him fiom 
continuing to take his share in the preparation of the Genera Plan- 
tarum, the second volume of which was completed in 1876, the third 
and concluding one in 1883 The diiectorship, however, brought 
with it the duties of continuing the Botanical Magazine and the 
leones Plantarum, edited by his piedecessor These duties Hooker 
continued to fulfill even after his retirement in 1885, in the case of 
the leones until 1889, in that of the Magazine until 1902, and with 
the collaboration of Mr W B Hemsley for two years longer, his con- 
nection with this historic serial ending m 1904, with the completion 
of the one hundred and thntieth volume The death of his father 
imposed on Hookei yet another filial duty of the most arduous chai- 
acter, that of replacmg in 1870, by his own Student's Floia, the 
British Floia of his piedecessor In 1873 he annotated and rear- 
ranged the natural families of plants in an English version of the 
Trait4 g6n&al of Le Maout and Decaisne, and m 1876 he wrote for 
the series of science primers that on Botany 

The results of Hooker's journeys m North Africa m 1871 are given 
in A Journal of a Tour m Marocco and the Great Atlas, written m 
collaboration with Ball and pubhshed m 1873^ those of bis visit to 
North America m 1877 were summarized by himself in Nature, vol 
16, p. 639 

Of the addresses and discouises delivered by Hooker during this 
period, that on Insular Floras of 1866 has already been alluded to* 
That deliveied from the president's chan to the British Association 
m 1868, with its whole-hearted advocacy of an acceptance of the 
hypothesis of Mr Darwm as the surest means of promo tmg natural 
knowledge, was peihaps more important m its effect on scientific 

• ^ \ ^ ' I His Biitish Association sectional address of 1874, 

• ‘ I ' ( . Habits of Plants, was an iliummatuig leviow of 

those problems to which his own observations and researches on 
Nepenthes m 1859 had directed attention 

It has recently been remarked that ^^so broad-based weie the foun- 
dations of Kew as laid by Sir Wdham Hooker that they have been 
but little extended by his followers Thoir work has been to build a 
noble superstructure Viewed in detail, Kew is hardly anywhere 
the same as it was m 1865* But the framework is very much the 
$ame " These remarks are so just that no useful purpose could bo 
served by any attempt to enumerate here the vanous manifestations 
of Hooker's aclivitv as an administiatoi^ or to detail the alteiations 
and additions ■which maikccl his diicctoiship That activity, as was 
said by Prof Asa Giay in the aiTjcle on Hookei in our Scientific 
Worthies senes (Natuic, vol 16, p 538), wa^ exorcised ‘ in. such 
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Wise as to win, along witli national applause, the gratitude of the 
scientific woild Noi is moie than a passing allusion due to a 
bittei controversy m 1872, Hooker’s unsought shaie in which the 
woild of science made its own Those whose curiosity extends to 
the unedifymg may find the details m a pailiamentary paper, it is 
suj0B.cient to remark that m the followmg session the Royal Society 
chose Hooker to preside over their councils 
We have yet to allude to what was the heaviest and the most pro- 
longed task of Hooker’s life, the publication of the Floia of British 
India Durmg his collaboration with Thomson, prioi to 1855, m 
the elaboration of the results of their Indian journeys, the two fiiends 
had been able to render available for scientific study the botanical 
treasaies preserved m the East India House The heavy but essen- 
tial task^of distiibutmg these mvolved as a corollary the preparation 
and issue of a catalogue of the specimens dealt with This catalogue 
Hooker was able to pubhsh in 1865 A similar necessity subse- 
quently arose m connection with the Penmsular Indian herbaiium 
brought together by the late Dr Wight This subsidiary distribu- 
tion was completed and the requisite ancillary catalogue was pre- 
pared by 1870 The task of prepaimg for British India a floia on the 
Imes of those wiitten at Kew on behalf of the vaiious colonies could 
at last be undertaken This task was at once begun, the opening 
pait of the imtial volume appeared m 1872, and the Volume was com- 
pleted m 1875. It was followed by the second volume, finished m 
1879, by the thud, finished m 1882, and by the fourth, the concludmg 
part of which was issued, just as Hooker retiied, m 1885 

ISTeaily half of the gigantic task had still to be accomphshed, so 
that m Hooker’s case retirement, if it brought relief fiom admmis- 
trative cares, did not brmg leisure. The heavy labor was faced with- 
out flmchmg; the progress of the work remamed unchecked The 
fifth volume, contammg four parts, was completed in 1890, the sixth, 
also a volume of four parts, m 1894, the seventh and concludmg vol- 
ume appealed in 1897 

In the meantime, however, Hooker undertook a new and onerous 
task Shortly before his death the late Mr Darwm mformed Hooker 
of his mtention to devote a considerable sum to be expended m pro- 
viding some work of utility to biological science, and to arrange that 
its completion be assuied should this not be accomplished dm mg his 
hfetune The ddficulties which he had experienced m his own studies 
led Darwm to suggest that this work might take the form of an index 
to the names, authorities, and countries of aU flowering plants At 
Darwm’s request, the direction and supervision of the work was under- 
taken by Hooker, the actual preparation was entrusted to Mx. B. D. 
Jackson. The result is the Lidex Kewensis, of which the publica- 
tion alone occupied the period from 1892 to 1895, During the 
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period devoted to its preparation and publication the woik leceived 
tbe unremitting caie and attention of its diiectoi and its compiler 
Other works, however valuable they may be, admit, as a lule, of 
some relative estimate To the Index Kewensis no such mode of 
judgment is applicable, it is sunply mvaluable, and stands a lastmg 
monument to the wisdom and geneiosity of Darwm, the piety and 
sagacity of Hooker, the care and fidelity of Jackson While this 
Index was m progiess, Hooker arranged for publication m 1895 a 
century of drawings of orchids, for which he provided desciiptions, 
from among the manuscript figuies placed at his disposal by the 
Calcutta herbal lum m coimectioii with his own work on the Mora of 
Biitish India. Scaicely had the responsibihty attachmg to ihe piep- 
aiation of the Index been laid aside ere Hooker undeitook, as an act 
of justice to the memory of a distmguished piedecessor, to edit the 
Journal of the Right Hon Sir Joseph Banks, duimg Captam Cook’s 
first voyage, 1768-71; this woik was published m 1896 

The time-consum m g and exactmg laboi which the preparation of 
the Indian flora entailed had barely ended when the chivalrous gen- 
orsity of Hooker was once more invoked The late Dr Tiimen had 
undertaken the preparation of a Handbook of the Floia of Ceylon 
Three volumes of this work were issued between 1893 and 1896 
While it was m progress Tnmen was mortally stncken, the third vol- 
ume was issued with the hand of death upon the author. When 
Tnmen died the Government of Ceylon sought Hooker’s aid. With 
mdomitable courage the veteran of over 80 undertook the heavy task 
of completmg the woik of another author who had fallen a victim m 
the prune of hfe, under restiictions as to scope and style which, 
whether they met with his approval or not, were at any late different 
from those hitherto observed by himself Perhaps no moie touching 
token of legaid than this was ever paid to the memory of a fiiend. 
The fourth volume of the Ceylon flora, to some extent edited fiom 
material left by Trunen, appeared m 1898, the fifth and concluding 
volume, which it fell to Hooker to prepare lumself, was issued m 
1900 Still, as he himself once expressed it, “draggmg the lengthen- 
mg cham” of the Botamcal Magazme, Hooker devoted the next two 
years of his own life to writing that of his father, which appeared m 
the Armais of Botany m Decembei, 1902. Coincident with the 
appearance of this tribute of filial piety came the arrangement which 
relieved bim of some of the pressure which the editing of the Maga- 
zme entailed, but not the anticipated freedom At the request of 
the Government of India, Hooker undertook to prepare for the 
Imperial Gazetteer a sketch of the vegetation of the Indian Empire. 
This task, one of the mo-1 dilficuh when regard is had to the limita- 
tion of space almost ncta's^jiUiK iripo->(‘d. that could well be under- 
taken, was successfully accomplished and has resulted m an essay 



comparable witb that on the botany of Syria and Palestme, wiitten 
30 years earlier 

The active intellect which had for five and sixty years taken a fierce 
dehght in laborious days, and had throughout found a task to be 
more congenial in pioportion to its difficulty, was not likely to seek 
satisfaction m an unbroken round of quiet breathing If new worlds 
need not be sought for conquest, at least some unregulated province 
might be reduced to order Among the famihes of Indian plants 
dealt with by Hooker and Thomson m their Preecursores, one of the 
most fascinating, whether for the variety of its forms oi the intricacy 
of their relationships, had been the Balsamineas Since 1859, when 
their paper appealed, a host of new Indian and Chinese forms had 
been reported, the characters met with in some of these appeared to 
mvahdate earher conclusions To the study of this interesting group 
Hooker devoted hs attention from 1904 onward, evolvmg order out 
of an apparent chaos, and m the course of his studies placed those 
m charge of most of the important herbaria m Europe under a deep 
obligation by supplying them with a uniform nomenclature for their 
specimens On this woik, which, so far at least as the ALSiatic forms 
are concerned, had been practically completed, Hooker was engaged 
almost to the last 

Shortly summarized, and omittmg here any reference to excursions 
into the domain of economic, morphological, and physiological 
botany, or to systematic studies of material from countries m which 
he did not himself travel, we find evidence of the existence of seveial 
defimte hnes of active interest, athwart which fell the shadow of 
vanous outstanding events in Hooker’s career The record indicates 
that Hooker’s strongest and earliest predilections were perhaps towaid 
the study of cryptogarmc plants and work on fossil botany The 
first predilection reached its culmination m 1844, when he returned 
from the circumpolar expedition on which he had started m 1839 
The pressure exercised by problems, to the elucidation of which the 
evidence of flowering plants with their more special organization and 
more restricted distribution is of greater value, gradually led to the 
abandonment of this field of study, which was not reentered after 
he left for India in 1847 The predilection for work on fossil botany 
naturally reached its culmmation while Hooker was attached to the 
geological survey Its mfluence, though not entnely inhibited, was 
less active after Hooker’s retuim from the East, and this field of study 
was abandoned when he became assistant director of Hew in 1855 

The predilection for the study of those problems that relate to the 
ongination and distribution of species, to which his experience as a 
field naturalist on circumpolar islands and among the peaks and 
valleys of the Himalayas had given so great an impetus, reached its 
culmmation while he was assistant director at Kew, and is manifested 
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most strongly in the classical essays which date from 1860 to 1866 
Without attempting to estimate the mteraction effects of the work of 
Darwin on that of Hooker and vice versa, we may here direct atten- 
tion to the fact of their existence Nor could it be otheiwise, the 
two men studied and wrote, on terms of intimate and affectionate 
friendship, m an atmosphere surcharged with gieat and piegnant 
thought 

With Hooker's succession to the chrectoi^ship of Kew in 1865, the 
Antai'ctic work had practically ended, for the concluding moiety of 
the New Zealand handbook appeared ui 1867 He was now able to 
do for India what he had already done for Tasmania and New Zea- 
land, and if, when he retired m 1885, only half of his Indian systematic 
work had been accomplished, there was no break in its continuity 
If we except his masterly sketch of the vegetation of India, prepared 
after the Indian Flora had been completed, we aie without a record 
of his conclusions from Indian botamcal evidence, comparable with 
the brilliant generalizations based on his study of the Arctic, Ant- 
arctic, and insular floras of the globe This may be a cause for regret , 
it can be no cause for surprise Not only is the Indian field the wdder 
of the two, Hooker completed the essential preliminary spadework 
in the other during the 16 years between 1844 and 1860, whereas the 
corresponding Indian toil exacted over 40 years of laboi between 1854 
and 1897 When the Indian prehminary work was done, it only 
served to prove that the relationships of the Indian, Malayan, and 
Chinese floras are so mtimate as to demand their conjomt considera- 
tion 

The completion of the Indian Flora m 1897, rather than the deims- 
sion of the directorship at Kew, marks the close of a period in Hooker's 
work The next epoch, a comparatively bnef one, was devoted to 
the performance of acts of piety to the memory and regard for the 
washes of predecessors or of contemporanes whom he had outhved. 
These tasks ended, the evening of his life was devoted by Hooker to 
work which m many respects was, even for one so wide m his range 
and so varied in bis interests, a new departure His great Antarctic 
Flora, his still greater Indian one, are splendid examples of broad 
canvases upon which in bold and stnkmg lines the hand of a master 
has depicted the sahent and essential features of a highly diversified 
landscape, and no one has ever portrayed with a surer touch In 
the work to which Hooker devoted the closmg years of his life, he 
has tieated a single natural family as a precious gem, upon which, 
with a hand as sure as the one that has given us the ample atmosphere 
of his great pictures, he has engraved an exquisite intagho. 

To offer here an estimate of the quality of Hookei’s work would 
surely be out of place That task has already been peifomied in 
the pages of Nature by one who was m the strictest sense Hooker's 



contemporary; and who, if he had not the advantage of such per- 
spective as time aflords, at least had all the benefit of distance in 
space to aid his judgment It is sufl&cient here to say that the esti- 
mate made in 1877 has been fuUy sustained by all that has happened 
since; it is, moreover, interesting to reflect that the hope then so 
fondly expiessed that Hooker, already in his sixtieth year, might 
still be only in mid-career has been fulfilled almost to a day If it 
be urged that in one respect the judgment of 1877 is at a disadvan- 
tage as being fiom the pen of one who, like Darwin, was bound to 
Hooker by the ties of almost lifelong affection, then we can only say 
that no one now alive who has enjoyed the privilege of Hooker’s 
acquaintance may venture to judge his work, because to know Hooker 
was to love him The breadth of his interests, the depth of his 
knowledge, and the wisdom of his counsel combined to inspire rever- 
ence and iegar(| But above all these quahties, and beyond the sin- 
gular charm of his manner, shone the unstuched and unstinted kind- 
ness which compelled affection 

A member of the Linnean Society since 1842, Hooker was a member 
of the council during 24 years, and foi 15 of these was one of its vice 
presidents He was also a membei of the Geological Society, which 
he jomed m 1846 He was elected a fellow of the Royal Societj^- m 
1847, and served on the council during 17 years, for 6 of these as 
a vice president and for 5 as president A coiiespondcnt of the 
Institute and a member of the Academies of Berlin, Bologna, Boston, 
Brussels, Copenhagen, Florence, Gottingen, Mumch, Rome, St Petei*s- 
burg, Stockholm, and Vienna, he enjoyed, in addition, the fieedom 
of practically every society or corporation devoted to the promotion 
of natural or technical loiowledge within and be^mnd the Biitish 
Empire Not a few of these bodies have bestowed on Hooker stiU 
further distmctions On the recommendation of the Royal Society 
he received a Royal medal in 1854, by the same society be was 
awarded the Copley medal, its highest honor, in 1887, and the Darwin 
medal in 1892 Fiom the Society of Aits he received their Albert 
medal in 1883, from the Geograpiacal Society their Founder’s medal 
m 1884; from the Linnean Society their Linnean medal in 1888, a 
medal struck to celebrate his own eightieth birthday in 1897, and 
one of the medals struck in 1908 to commemorate the fiftieth anni- 
versaiy of the pubh cation of the joint commiirdcation of Darwm and 
Wallace on natural selection, in the original presentation of which 
to the society he had played so important a part. The Manchester 
Philosophical Society awarded him a medal in 1898, and in 1907 he 
received, m circumstances of singular digmty, from the Swedish 
Academy, what he himself has charactenzed as the crowmng honor 
of his long hfe — the sohtary medal, struck especially for the occasion, 
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to commemorate the two-hundredth annivemary of the birth of the 
great Linnseus 

Among his academic distinctions were the honorary degree of 
D C L , conferred upon him by the Umyersity of Oxford, and that 
of LL D from the Umrersities of Cambridge, Edinburgh, Dubhn, and 
his own alma matei, Glasgow 

His foreign distinctions have mcluded membership of the Koyal 
Swedish Order of the Polar Star and the Eoyal Prussian Order 'Tour 
le Mente ” By his own Goveinment he was made a 0 B in 1869, 
the year foUomng his presidentship of the British Association, he 
was made a K C S I in 1877, toward the close of his presidentship 
of the Koyal Society He was in 1897 promoted to the grade of 
G C S I , when, in his eightieth year, the Flora of British India was 
completed, and in 1907, on his mnetieth birthday, he received the 
• Older of Merit. 

Hale and robust m his venerable old age, the veteran Hooker not 
only attended the Darwin-Wallace celebration orgamzed by the Lin- 
nean Society in 1908, addressing the delegates and fellows present m 
a speech which recounted the pait played by himself half a century 
earlier, he also attended the celebration at Cambridge in 1909 which 
commemorated the centenary of the birth of his friend Daiwm At 
woik until within a few weeks of his death, and keenly mterested in 
curient topics to the last, Hooker passed peacefully away in his 
sleep, at his lesidence, The Camp, near Sunmngdale, at midnight on 
Sunday, December 10 As was befittmg, an invitation was offered 
to receive his remains in Westminster Abbey Hooker had, how- 
ever, expressed his wish that they should rest m the tomb m which 
his illustrious father’s body was laid This wish was fulfilled, and 
on Friday, December 15, he was buried m the family grave in the 
old churchyard of Kew The cortege followed the coffin to the church, 
as was meet, from the house so long occupied by, and so full of memo- 
ries connected with, his father and himself. At Kew, where so much 
of what he accomphshed was done, he sleeps ^vith his people, and 
Kew with its old churchyard is now more sacred even than it was 
to botamcal pilgrims 
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